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STATE OF WASHINGTON

DEPARTMENT OF COtiMUNITY, TMDE AN[) ECONOMIC DE\~ELC>P~lENT
OFFICE OF ARCHA~LOGY AND HISTORICPRESERVATION

T71Zlti Avenue S.W. “ RO. Box 4B43 ● O1~pia, Wzhingran 985044343 “ (3G01 7$.74u: 1
.

Novmk 20, 1995

~. Nancy Whittpenn
BPA ~S Pro= ~~er
Post Office Box 3612-E~
Potiland, O~g~n. 97208-3612

please f~l ~ to ~ntaet meat (360) 753_5 Shotid you have any questions.
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. . u; . .Adeke Fan

.. Jxoh ~~er ~ ~., ,.. . . ..,’”.
.,.,, ... .. .. . . . . .. . . . . .. . . . j.,.. .2 .. ... . .. . . . . . . . . . .1

Sincerely,
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LETTER “D” RESPONSES

Comment noted. BPA’s Ctiturd Resources Program Manager has contactd Robert
~tb, State Archeologist, regarding the Programmatic Agreement. BPA has
committed to working with the other Federd Cooperating Agenaes to develop a
Programmatic Agreement that addresses the State’s concerns regarding titurd
resources. Work on the Programmatic Agreement and coordination with the
cooperating agenaes has begun. me agreement W be sent to the State SHPO for
their review before it is signed.

A copy of the Ctiturd Resources Report developed for the transmission portion of
the project is now find and included as Appenfi D.
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Demmber 8, 1995

Ms. Barbara Ritchie .
WA Department of EW1OW“
Environment~ ReviewSection
Post Office BW 47600
OlympiqW~Mon 98504~7600

Dear Ms. Rit&&
.

The Was~ton Depar@ent of Fish and WfiMe ~Fw appretiatis tie opportity to
cement on this draft Envir-entd hp~ Statement. we worked with the apptiwt for -
montM attemp~ to design a tiwe ti@ation agreement fiat we both mtid agree ti~ nat
effort was hampered by the lack of tid~e habitit tipa~ studies petiorrned by the appfiw~
r~~~g in a bwic disagreement mer the m@~de Of those kp-, k tit)~~ app~mt

seems m~ed itseM. On page 1-H, in a dismssion of the impacts at the - ate, the
do~ent states: ‘~ese irnpa~ to wfi~e are mmidered si~cant but mitigable”md on page
1-14is the s~tementi “... ahhou@ no $i@cant irnp~ to native plants or ~d~e habitats me
predicted tiom the mmmtion at the - site. , . ~’

1

.

.Noti~e rni~ation ~eernent or stiptiation etists for the potential tip~ from this proje@ 2
md the app~at hw tetited dis-iom on the subje~ We recommend that the appMcation

. be denied or that tie appficat be dire~ed to perfom ti~e habitat impa~ studies md develop
a mitigation and enhancement ph that satkfies this dep~ent and the EnerW Fa~ty Site
Evaluation Ound @FSK). That pb shodd include tie impa~s @ ti~e reaeatiou Many.
ASan dtewtive, WW is - to protide BFSK withthe mi@ation and enhanmment
req~ements that we wodd umpt as appropriate titivation.

1,3.1.SQ, 1 ● 12)Water Quativ, hpwts; Tr~~sion Ftities, ~nsmtion ad operation 3
co~d have lo~tem negative effeti. We recommend Jom hdrem, ~~ Regio,ti ~bitat
Program M~er for Mwk bunty, and Tra~ Uoyd, WDFW Regioti Habitat Pro~arn
Manager for Grant and Dough tiunties, be mntacted at an early date to iden@ areas of ~

—
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concern and approprkte protective masmes, John hdrews is Iocated ti Spokane and can be
reached at (5W) 45640M. Traq Lloyd is lamted k Eptiata, and w be reached at [509)
75446%.

@. 1-U, first sentence) Natural Gas Pipehe, ~PW recommends rewording the fit sentence
as foflows: “PotentiWy significant surface water qutity, wetiand, and upland habitit Mpaets
might be mused by the proposed cons~ction activities,” We dso recommend rewording of the
secoti sentence to red. “E ~eams are aossed using open eut methods,the na~d ba~,
riparian vegetation and bottom of the streams often s~er extended degadatiom[’

Q, 1-U, &st paragraph, third line). We r~mmend rewording to read, “. ., and ~sion
and gas ties corridors, x re@ed. . . f’

p. l-~ third para~ap~, fist tie). me term ‘best ~~ement Praetiees @~~ is arnbignous
and undefined in the gIossary. Best for whom nd how? The phrase ”.. . good housekeep~
standards . . .“is tited k the #ossary and arubi~ow, Good for whom and how

1.4.1.6@. 1-B), ~ti and tih; bpac~; ~F Site, A habitat/ti~e protection pk
which is satisfactory to ~~ shotid be incorporated kto the certification process, A major
element of suoh a plan wotid be to prohibit tivestock grtig on the site dtig the Me of the
artificate, ~eept when possii~ preseriied as a vegetative management tool.

Q, 1-13; first two paragraphs) Transmission Fatities; and @. 1-14)Nahd Pipeh, We
recommend a habitat/wflWfe prowetion plan sa~a~ory to ~FW be included into the cefi-
fiation process, ~ shodd *O address timing of mns~ction activities to avoid ti~e,
dis~bance du~ingthe semitive breeding season

Q, 1-14, fust paragraph) Miti~tion Me-es. We remmend rewording in the fo~owing
manne~ “Anywe- and undebated se~o@y wet areas near proposed eons~don .ar
operations a~vities W be ~ed in the field. . . V

@, 1-14, second para). me statemen~ “.. . the appfieant has agreed to consider implementing a
due enhancement plan developed in constipationwith ~FW. ..,” is somewhat tid-.
Considerable negotiatioti betwein Ww and the app~eant to achieve“ahabitat/ti~e plan
have been unsuuess~

. .

~. 1-14, third paragraph). We remmend a habitat/ti~e protetion plan sa~actory ta
Ww be incorporated into the cetimtion process. N is e5petiMy important bwause
Priority Habitats and Speeies &HS) are involved. &d, the apptieant should mnmct ~~ for
Hydrafic Proje@Approval where work W occur in a flowi~ stream.

Q. 1-14) Signifi~tAdverse @acts mat tiot Be Avoided. There is no referenm to or
mrnment about the natural gas pipe~e. From experience,we e~ect excavated strew cross@
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of the natird gas pipe~e W be diffitit to mitigate and th~re ~ be sigrdficant adverse low
term impa~. W@tlmd-e *O is d~tit to mitigate adeWately. me best way to avoid
lo~term wetiand d-e is by rou~ to avoid them

1,5 Q, 1-%) Areasof Co~~;ne~and hsues to be Resolved. Ftist ‘%&t” after “natural gas 13
pipehe” add-~ 7

2,1, Fi@re 25, Proposed Action @referred Alternative). ~FW xewrnmetis the many wetids ~4
be better identied in this @e, Le.,~ mlor, It b ~tit to distinguish the au~es of we
weti from the topographic elevation ties,

‘ 2,1.2,8 @. >20 third par~) Other Site ~rovements, Fen@ and Security. ~FW rewmmends 1s
a mnventiod few-strand barbed wire perimeter fen~. A woven tie fence, as stited, wotid be
an hnpediment or b~rier to som6ti~e in their movements nd migration,

Q, 2-20)@ading and Drainage. Wth regard to the first btiet, there shodd be no borrow pits on ~6
site, WCeptwhere mns~etion h ~ed for, ~so, any m titi subsoti shodd have a one foot
covering of tipsofli .

3,1.1,2 (p. 3-9, par& 3) NRPF Site, On-site ex~vation is estimated at 161,000abic yar~. We ~7
emphas~e ody top sofl bc disposed of on site, then leveled, Off site, disposed subsofi Bhotid be
topped with a lemled qne foot of top SOL ha- disposed subsofl ~osed ti hpti or
prevent the establishment of desirabIe vegetation and may encourage the subsequent dotition
by nofious planu,

@, 3-l@ll) T~sion Fatities.. ~~ stro@y recommends a ~~ ~proved habitit/ 18
time protetion pti be incorporated in this wrtification process. me potential for adverse~
affec~ irnpo~t habitit (e,g,, strea, weti~, s~b-steppe) and ~tid~ breeding m~es it
imperative that an approved plan is h plw welI in advance of com~etiom

Q, 3-11) Natural Gas PipeWe, ~~ qe~ exeavatedstream aostigs by the nam~ gas tie 19
W be difidt to mitigate, and there * be signifiat long-term negative imps@. Wetland
d-ge is ~dt to mitigate ade~tely, so tie safest way to avoid lo~-term wetiand hnpmts
is by routing to-avoid them, ~~ requests the oppotity to review and co~ent on the draft
right-of-waylomtion and.the erosion tid sedimentation mntrol plan we~ in advance of
Wnstrudom

@. 3-12,$emnd par~, last btiet) Mitigatig Measures, NRPF Site. We reiterate ow p~evious 20
mmments regardng the ne~ssity of one foot of leveled top soti as the top layer,
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~. 3-13,firstbflet) fiansrnission Fatities. ~FW remmends we be wnstitti with regard .21
to dvert stig and tit~ation. ~erience showsthese two aspe~ to be mitid to sa~acto~
fish movement, What is considered hydrafic~y adequate for storm events otin are wati-
&ory for fish.

(second btiet). We recommend excavated subsotibe used for access road ~ and top sofl be ldd 22
down prior to resee&g at tower sites. ~

(seventh bflet). We re~rnmend adding afterti~ b- ~ at the end of the 23
sentence,M ddtion pertains to areas that local WDFWbiologists identify as sensitive,

(Iast btiet). We recommend these entionmenti speti~w be responsible to EFSEC, not the 24
@ntrMor or appficmt.

Q, 3.13) Natural Gas PipeMe. me tem “BestManagementPracti@$l’is su~edve and 25
undefined in the ~oss~. This k whyit is witicdy important that a WDFW approved
habitat/wiIWe protection plan be in pbce we~ in adva~ of wnstructiom

Q. 3-32) tipacts, WF Site. Effem on Water m~~ md Sensitivetiphibian Spedes, 26
~FW reeo~nds that EFSEC request the Dep@ent of tih~ to “ground trnth” the
rnodeIed impact on pH of ephemeral and pe~nt water bodies. E pH rnonito~ h~cates
titolerabIe habitat for amphibians due to NOX emistions,WDFW recommends EFSEC direct the ‘.
applioant to reetify tie offending po~utant,

3,1,S.1@. 3-38) Wskg Conditions, Natural Gas Pipehe. ~d~e Route 1 is the appfiat’$ 27
preferred route. Ntiough many enviramenti mnsiderations do seem to tie it tie route of
choice, it ent~ mre mossingsof sensitive streams (from Prioti& Habitits and Species database)
than other dwmtives. Fifteen of these streams have been designated as sensitive because of
vtious fish poptitions. This undersmres the aforementioned need for having a ~m.
approved habitat/ti~e protectiori pti estabMed prior to mnstrution,

@, 341, ffrst para,) Transmission Ftities, We reiterate our ur~ to have a ~FW=approved 28
habitat/ti~e protedon pbn fitabhhed we~ in advance of COmtructiom& this paragraph
states, “Strem crossings are sensitive sites ... , Y

@. 3-42) Natural Gas PipeWe. We remmmend the appticmt or wntra~r contact WDFW wefl 29
h advance of wmtruction to obtain a Hydratic Projeti ~provd for firk titbin the stre=

3.1.5.3@.343,next to kt and ht Wes) Mtigating MeasuresjNaturN Gas PipeMe, The “best” 30
and “most reasonable” (methods of stream crossing)arc not nemssarily mnsistent nor wrnpati%le.
We cons with the cdl fur an on-site inspedor(s). He/they shodd be responsible, not the
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appticant or contractor, but to EFSEC. ~FW dso urges Hytiafic Rojed &fimtiom be
submitted we~ in advwce of com~~on so that Hy~afic ~oje~ Approvals a be issued in .
a timely _er.

3.1;6.1~, 345,* tine)Nt@ Contitiom,p~w~e BrnergantWetlmd. mere me 45,not 31
42,kolated, deprestiad wetlm~ ~i~e 1, Weti~d Resourmsa No*est RegioA Power
FWti@, ~aft Technid Memorandu ~M ~. May 3L 199~. b 1994,a dry year,
appro~ately M ponds were identied on-site.

Q, 3~s, seventh he). Most of the wetids are nog as stated, in the nor~est portion of the 32
site. Both $edon.2 md Setion 11 =e located ~ Range 34 E, Tomtip % N. The wetiands ti
Seetion 2 are lomted ~ the soufierly 2/3 of tie west hw ~ se~tion lL tie weflmds are loated
in the easterly 2/3 of the north half, and in the centid 1/2 of the north hw of tie southerly M
~us, tie two se~iom tieq together, the wetids are distributed thraugh the =ntrd potion of
the NRPF site, not the northwest portiom WDFW rem-ends the inclusion of Fi~e 1,
referenced above in the “fifthline” co-nt, in the FM KS.

~, 348, he two) Sensitive Plant Speues, ~F Plant Site. It isstited that “~- hm 33
degraded the pIant communities.. . t’ We beheve this is an understatement of the situation and
refer to what we mmider a more a-ate sta~ment k another project-msociated do~enti
“Most of this habitat is hi@y degraded horn titie grting . . . ~ ~i~e Resomces. Northwest
Regional Power FaMty. Draft TeMd Memorandum 6.1 ~~e hpa~. =M ~. My
31, 1995). This do-entation of overuse mppoti Wms d to suspend W gr- in the ‘
short te~ with possibIe fnture gr- on “acloselyre@ated b~ if deemed desirable by
mFw to Stimtite plant gra . .

Q, 349) M Presence by Wbitat me, ~FW Wts approhtdy 83 fitie spedes whiti 34
~abit the NRPF site on a re@ar basis or seasotiy.

~, 3-51) ~dwe. _ prodution over the Mt fiveyears averaged 2W =res + per year. 35
U isa favored nesting cover of *~ne&ed phe=mti, Mde deer frequently feed.on iz and
coyotesoften forage for SM mtis b it Conversionof _-produ@ land to industry W
be an adverse impat to these and other spetiest

@. 3-53) Transmission Fa@ties, Vegetative Habitat ~es, Wetian@. This interesting narrative 36
undersmres the need for a dewed and comprehensivehabitat/dWe protetion p~m to be
inwrporated in the certification pro~ss.

@, 3-s4=5S)Tramtistion Facfities, ~. me smera p=~aph destib@.*, sever~ 37
habitat types, and Priority Habitats and species approp~tely conveysa seine of the habita$
time diversity, and sensitivity. ~ emph=~es the need to have ~ adequate habitat/tiWe
protection plan (including etiective means to exclude off-road reueation veMcles) incorporated h .
tie certification pro~ss.
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Q. 3.56)NaturalGas Pipe~e, We reiterate our previous concerns for habitat destrudon and 38
again remmmend a ~~-approved habitat/ti~e protetion plan be inm~orated h tie
certification pra~s,

3.1.6.2 @.3-58, seeond>par&)~FSite, WfiWe. ~isparagraph wderscores theneedfor~ 39
adequaw habitat/fi~e protetion plan to be tirporated in the certification prowss,

@.3-58-59)Tr_sion F@ties. Theparagraphs describingTower~ Hationand .
~~d-~R

40
oads (weflands) support our rewrnmendation that a tieqwte

habitat/ti~e protetio4 plan be inmrporated h the certffitition process. .~

@. 3-59, first par~aph) ~, ~ower.~ _@ It is unclear what the 41
basisis for the statement that” . . . none of the afiected streti wpports seaso~ or year-round
tiheries, there wotid be no irnp~ to fisheries:?

@, 3-60) -S_ We reiterate tiat the appficant or contra~or apply for Hydratic Frojeti 42
Approvak for wh stream crossingwe~ in advan~ of cons~dom

@. 3-60) Priority fibltati. ~FW recommends the appfiwt or contractor eo~t with Regi~al 43
Habitit Program wagers@ in advance of cons~etiom

(p.3.61,third paragraph) Natud Gas Pipehe. We repeat ow recommendation that a adequate 44
habitat/Mtie prowtion plan be tieorporated in the @rMmtion prowss. No, we recomend
the ~FW RegioA ~bitat Program Manager in Spotie be mmtited we~ in advanw of
construction zegarding sensitive habitat and tidife lowtion and timing.

3.1.63 @, 3-62). The suggestion that sensitive fidMe, if presen$ wrdd be effectivelyreloeatid 45
toanother lo~on is a fd~, Very Uely, the other location is *eady ompie~ or the habitat
is unsuitable, with the end resdt that some tidMe ~ be e-ted, Whether the subject is
sedtive speties oi others, the ewlogical @th of “m mpaci~’ app~es. De~*g or’
destroyinghabitat is equivalent to dir@y har~ or destroyingti~e,

@, 3~63,second paragrap@ third bflet) ~ansmission Fatities, Vegetative mrnmunities, We 46
caution that adersd deposited on or off site (Le,,~~ be covered with a leveled one foot of
t~soti, Good plants flourish in good SOL ~osed wderbwden is a poor mediu for deskablo ,
vegetitio~ tid desirable ad notions plants * outcompete desirable ones.

@, 3-& fit paragraph) Natural G* Pipetine.
senten% be reworded in tie fo~owingmanner:
vegetation and tisting ti~e, .,. ~’

~~ recommends tie first phrase of the second 47
‘To better proteti semitive habitats, native
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No, with reference to this first pu~~apb mm ~pp~uds ~~ Suggestionofha@ a biologist- 48
Mpetior on site, but throughout COnStmdOW not just for inithd grading ad ri@t-of-way
clearing. ~ biolo@t-~pe~or shotid be responsible to ~SEC, not tie appficant or contractor.

me -pie of transplanting wflfife or fish k, agm ~ciom. &we said previously the “49
problem with relouting them ‘Somewhere else” is that suitable habitat somewhere else is probably
my ocwpied or uuitable.

(second para.). ~~ rem~ends insetig m addition at tie end Oftie fist sente= to read 50
‘lAresouree management plan shotid be prepared to address the preservation and methodologies
@ ~e impacts on plan and animrd po~latiom ~ong the pipehe during mns~~o~
restoration and operatio% including appropriate pen~ties for violatiom~’ We *O remmrnend a
-e of the secondsentenm to rea~ ‘~s pk shotid be prepared and approved (includingby
~~ sk months prior to commen~ment of constructionactivities!’ ~

(third para, thirdsentenu). “Enfor=ment of the plm wodd be tie respodbW& of the pipe~e 51
wnstructian foreman and the on-site biologist”begs the question of to whom is the biologist-
inspeetor reWonsible. me biologist’s~ertise and authoriv is mmprornised if he is subortite
to the Mmmtion authoti~. mm suggests,agaiu the biologist-~pe~r be respomfile m
msBc,

.

3.2,42 Q. 3-H4) Visti and Aesthetic Resour~s, hpaots, Natural ~ MpeWe. The swtement 52
that the pipetie mnstidon wotid be Wted to the short teq and no signifimt impa~ are
antidpate~’ is a matter of opiniow Aesthetim are in the eye of the beholder. Adverseimp-
from strem and wefland ~ossings are often more persistent than qetied. A simple matter of
prolonged erosio~ chronic turbidity, and sfit amulation damages the aesthetic ~erienm of the
fishe- bird watcher, retie photographer, and obsewt ~er.

_ you for tie oppotity tooffer~ments on this very si@cant proposal .

$inwrely,

+

- “Mw
Tony dred
Wtern Mtigation ~ordinator
Habitat -gement Rogram

—



LETTER “E” RESPONSES

E-1

E-2

E-3

E-4

E-5

E-6

E-7

E-8

E-9

E-10

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEW) of this document.

Your comments are noted and w~ be considered in EFSECS decision process.

Comment noted. BPA has contacted John Andrews and Tracy Lloyd on the issue
of a wfl~e protection plan. BPA has asked that the Washington Department of
Fish and Wd~e ~FW) identify mitigation meas~es that the BpA can do before,
during, and after construction to lessen impacts to ti~e and habitat. If these
measures are identified and agreed to before the FEIS is released they w~ be
included. Otherwise, they W be included in the Mitigation Action Plan, the
Stormwater PoUution Prevention Ph, and/or the Construction Specifications.

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to tie DEB) of this document.

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEB) of this document.

Please refer to Section 2.1.6 (Storm Water Control System) of the Draft EE for a more
detafled description of Best Management Practices and good housekeeping practices
(standards).

The project apphcants (WA Resources, Inc. and CSW Energy, Inc.) @ prepare a
habitat/tiWe enhancement plan developed in constipation tith the Washington
Department of Fish and WflWe WW), which wotid include 1) removal of
tivestock gr~g on the site (to the extent dewed by the efitig l=e) w~ch is
presently subject to gr=ing for a period of three to five years; 2) kcorporation of
native phnt speaes tito the tidscape design around the plant; 3) Wowing aquatic
and terres~ vegetation to naturdy become estabkhed around the evaporation
pond; and, 4) Wowing time rehted recreation such as bird watching, wfl~e
photography, and hiking on the site not used for pht purposes.

Comment noted. However, BPA wotid be responsibleofly for sitingthe
transmissionhe, whichisnotsubjecttothesitecertificationprocess.In addition,
potential impacts from the transmission tie codd be mitigated, as noted on page
14, “For the transmission corridor, mitigation measures include ~ing
additiond vegetation clearing or the development of new access roads, minirntiing
construction in high-use native habitats, mtitaining locked gates to tit access
along the corridor, reseeding, weed controk, wetkds avoidance, redepositing
excavated materi~ where possible, sched~g construction during the dry season,
and the use of BMPs for SON,water, and h=ardous mateti.” h addition, see
Response to Comment E-3.

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Motivations to the DEB) of this document.

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEB) of this document.



E-n

E-12

E-13

E-14

E-15

E-16

E-17

E-18

E-19

E-20

E-21

E-22

E-23

E-24

E-25

E-26

E-27

E-28

See response to comment E-8. h addition, BPA wodd consdt tith WDFW prior
to commencing any construction activities in a flowing stream.

See General Response #l.

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEB) of this document.

The wetlands on the NRPF site have been identified and mapped. This map is
avtiable on rquest.

Comment noted.

Comment noted.

Comment noted. However, it is not Wely that there@ be a need for the off-site
diSpOSd Ofsubsofl.

See Response to Comments E-3 and E-8.

See General Response #l.

Comment noted.

Comment noted. WDFW wfl be contacted by BPA regarding culvert sizing and
ins~tion before constriction and dtig the dettied access road design process.

Comment noted. N subsod excavated for tower footings wfl be used to bac~~
after footings are finished. During excavation, the topsofi can be stokpfled. After
excavation and bacmg, topsofl can be overlain and reseeded.

Please refer to Page 3-63, Section 3.1.6.3 (Anim*), which states “When possible,
avoid construction activities within high-use native habitats,espea~y riparian,and
W sagebrush habitatsduring thebreeding season March 1 to August 15).” BPA has
conbcted WDFW and intends to coordinate with WDFW on specific locations to
avoid at certain times of the year to lessen impacts to wfl~e.

These environment spetits @ be BPA personnel or contractors hired by BPA
and WN be responsible to BPA for the identified activities on he tiansfission .
portion of the project otiy. A Stormwater PoUution Prevention Plan (SWPP) til
identify and describe Best Management Practices that W control erosion and
encourage revegetation.

See response to comment E-6 and General Response #l.

Your comments are noted and wfl be considered in EFSE~s decision process.

Midde Route 1 was the prefemed route identified in the routing study performed
by Pacific Gas Transmission (see Appendix B of the DEIS). In addition, see General
Response #l.

See Response to Comments E-3 and E-8.

E-29 See General Response #l.



E-30 See GenerAResponse #l.

E-31 Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEB) of this document.

E-32 Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections md Mofimtions to tie DEIS) of this document. h addition, see
response to comment E-14.

E-33 Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEW) of this document.

E-34 Comment noted.

E-35 Impacts to time ti not be significant. me permanent construction footprint at
the NRPF site is 75 acres, of which 70 acres are now agriti~d fields (as noted
previous 3-51). ~ese fields are *ely to provide resident habitat for time
species. WflWe maybe impacted by the constriction and operation of the NRPF
site, but the mitigation measures addressed in the DEIR were designed to sufficiently
offset any permanent habitit losses. me loss of 5 acres of thr=tip sagebrush/Idaho
fescue, wtie adverse to time, is not considered significant in view of the
remaining undisturbed habitat on the site and the mitigation proposed for that
acreage.

E-36 Comment noted. However, BPA wotid be responsible ody for siting the
transmission he, which is not subject to the site certification process. WD~s
recommendations regarding the need for a detied and comprehensive
habitat\ti~e protection ph @ be provided to the Bonnefle Power
Administration (BPA). In addition, see Response to Comments E-3 and E-8.

E-37 See Response to Comments E-3, E-8, and E-36.

E-38 See General Response #l.

E-39 See response to comment E-7.

E-40 See Response to Comments E-3, E-8, and E-36.

E-41 Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Comections and Modifications to the DEB) of this document. h addition, BPA
anticipates that construction of the transmission he wotid not start UM after
winter runoff is complete and intermittent drainages are dry. U BPA needs to start
construction earfier in the spring, option may exist to avoid wortig in those active
drainages. BPA W *O be preparing a SWPP that W identify and describe Best
Management Practices that wfl control erosion and subsequent degradation of water
qudty.

E-42 Comment noted. BPA wodd consdt with WDFW prior to commencing any
construction activities in a flowing stream. h addition, see Response to Comments
E-21 and E-41.

E-43 Comment noted. BPA is initiating didogue with the Regional Habitat Program
Manager at the present time. BPA expects this didogue to continue through
construction.



E-M See General Response #l.

E-45 We agree that, in general, “carrying capaaty” describes the maximum number of a
species that can be maintained in a given area over an extended time period.
However, this Htation is defined by the complex and dynamic interaction of
hundreds of variables. The saence of wfl~e management is based in part on the
assumption that, in certain situations, these variables can be manipfited to increase
carrying capaaty or to remove a Wting factor that is keeping a population from
reaching its carrying capacity. For example, the recovery programs of many
endangered species include pks for relocation of individuals and populations (e.g.,
Ctiornia condor, gray WOM. h this instance, the potential for successfu~y
relocating individud animfi from the project site to alternative habitats would be
affected by the species involved and numerous other factors that must be considered
on a cas~by-case basis. Nevertheless, we acknowledge that some tidife mortafity
W occur during detig and grading opwations, espeaa~y involving species of
Iow-mobfity and/or those that are habitat spe-ts. The proposed relocation of
inditidti anim~ appties ody to speti-status speaes rather than d species
occupying the project site.

E-46 Comment noted. Most if not M sofi W be used for bamg tower footings. See
Response to Comment E-22. For unavoidable disturbance in wetlands, the top 12
inches of soti W be stockpiled and redeposited after construction is complete. In
addition, the fo~owing mitigation measures (as identified on page3-63oftheDEIS)
wotid Wely be employed to reduce impacts rekted to the establishment of
undesirable and noxious phts to non-significant levels

F Reseed newly disturbed areas.

k Prevent new weed infestation by cleaning quipment travetig in and out
of weed-infested areas, using herbicide or biocontrol treatments, and reseeding disturbed
areas with native species.

E-47

E-M

E-49

E-50

E-51

E-52

Comment noted. Suggested changes made to text. Please refer to Chapter 2
(Corrections and Modifications to the DEB) of this document.

Comment Noted. See General Response #l.

Please refer to response to comment E45. h addition, relocation is provided as an
example of just one of several possible actions that codd be taken if a sensitive
(Speckl-stitis)Speciesisencounteredtithintheprojectareaduringconstruction.
Otheractions,such as temporal restrictions on construction, would be considered on
a cas~by<ase basis and in cooperation with the WDFW.

See General Response #l

Comment noted. See General Response #1.

Comment noted. See General Response #l.
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DEC14 ~gg~ ‘ STATEOF WASHINGTON

~~A:jH. b !,41L LfYkl\\) $ \J1-Y.ii.,1 DEPARTMENT OF ECOLOGY
RO. Box 47600 . Olympia, W=hm@on 98504-7600 ● (206) 407-6000 ● TDD Only (Hearing Impaired) (206) 407-6006

December 12, 1995

Mr. Jason Zeller
EFSEC
PO BoX 43172
Olympia WA 98504-3172

Dear Mr. Zeller:

DEC 141995. .

ENERGYFACILIVSITE
EVALUATIONCOUNCIL

Thank you for the opportunity to comment on the draft
environmental impact statement (DEIS) for the Northwest Regional
Power Facility, proposed.by ~A Resources and CSW Ener9Y.
(DOE~EIS-0214) . We reviewed.the DEIS and have the following
comments.

on October 29, 1995, Jim Lyerla with our Water Resources Program
testified before We EFSEC Council in Creston, Washin~on on this
proposal. His testimony concerned the water rights for the Town
of Creston and their ability to sene water to the ~A facilities
under their existing water rights. It appears from consultation
with WA consultants, Creston representatives, and various legal
councils that the Town of Creston has existing water rights in
excess of their present Use.

However, it was determined that the facility proposed would have
water re~irements e~ivalent to those presently used by the
town . It was recommended that~A consider purchasing a nearby
irrigation right e~al to their annual re~irements and retire it
from active use.

The Creston area’ is within the Sinking Creek Drainage Basin and
is the subject of litigation concerning groundwater and surface
water continuity. Additional groundwater withdrawals would have
an adverse effect on existing rights and may draw the Town of
Creston and WA into this ongoing legal battle. ~

If you have any Westions on ECOIOgylS” comments, please call Mr.
Jim Lyerla at (509) 456-6311.

Consistent with the Department of Ecologyis responsibilities as
Washington Statels coordinator for the National Environmental
Policy Act, we are forwarding the comments received from the
State of Washington, Department of Fish and Wildlife.

1

,

2

.-



Jason Zeller
December 12, 1995
Page 2

If you have any ~estions on the comments.made by Washi-ngton
Department of Fish and Wildlife, please call Ms. Jane Banyard at
(360) 902-2575.

.

Marvin Vialle
Environmental Review Section

.
N:ri
95-77aa

cc: Jim Lyerla, ERO
Heidi Renz, ERO



LETTER “F”RESPONSES

F-1 Comment noted.However,asstatedon page3-36(CrestonWaterSupply)ofthe
DEB “NosignifimtimpactonCreston’swatersupplyisprojected.me N~F ~
require55to70gpm (4.41/s)fornormaloperationand200gpm (131/s)forpeak
operationtoreM theprojwtiswater- Crestonhasadequatewaterrights(1,050
gpm,or661/s)andpumpingmpacity(1,030gpm,or651/s)toprovidethewater
supplyr~uirementsofthetownandthe~F~’.

F-2 Comment noted.

—



.EVEPINNIX
Director

STATEOF WASHINGTON

WASHINGTON STATE PARKS AND RECREATION COMMISSION
7150 Cleanwater Lane “ EO. Box 42650 “ O1~pia, Wshingon 98504-2650 ● (360) 902-8500

December12,1995

Northwest Regional Power
Facitity DEIS - Potential Impacts

R~C~lV~~ Trail

to Riverside/Pasco to Fish Lake

Mr. Allen Fiksdal DEC141995
EFSEC Project Manager

P.O. BOX 43172
Olympia, WA 98504-3172

ENERGYFACILITYSITE
E!JALUATIONCOU}ICIL

Dear Mr. Fiksdal: .

Thank you for the oppotinity to comment on the Northwest Regional Power Facility Draft Environmental
Impact Statement (DEIS). After reviewing the document State Parks has the following comments:

State Parks supports the preferred pipeline route (Segment 1-South) as described in the DEIS. This route
“1

will intersect our Pasco to Fish Lake trail, but the alternate route, Segment 2-North, poses significant
impacts to Riverside State Park and should not be considered further. In order to address all impacts of, the

preferred route, a more detailed route plan for the area of intersection with our trail is needed.

When this pr~ect is closer to implementation we would fike to meet with the planners for this facility and

discuss the logistics of trail crossing. The Pasco to Fish Lake trail is currently undeveloped, however,we
2

are intending to upgrade the trail and add sanitary facilities in places. We would like to coordinate with

the facility’s on-site team to ensure the trail crossing will not conflict with our trail master plan.

Thank you again for the opportunity to comment on this proposal. I look forward to hearing more from you
as the prooject is closer to implementation. If you have any questions, please feel free to contact me at
(360) 902-8633.

Sincerely,

Chris Regan, Environmental Specialist,
Environmental Programs

cc: Bill Koss, Capital Programs Manager, Environmental Programs
Bill Jolly, Chief of Research and Long Range Planning
Dan Meatte, State Archaeologist, Environmental Programs

Mark Schulz, Environmental Specialist, Eastern Region
Bill Fraser, Parks Planner, Eastern Region
Ange Taylor, Eastern Region Manager
<T&u6 dcl~nr, ?.C. , Pwa< cAl~~fl/P.AA .



LETTER “G”RESPONSES

G-1 Comment noted.SeeGeneralResponse#l.

G-2 Comment noted. W informationWU be providedto theFederalEnergy
Re@tory Commission(FERC).FERC wotidbe responsibleforthecomplete
environmentanalysis(i.e.,undertheNationalEnvironmentalPolicyAct)ofthe
naturalgaspipetie.h addition,constructionofthenaturalgaspipetinewould
Mely rquirecompliancewiththeStateEnvironmentPoticyAct.
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Christine0.Gregoire

GENEML OF WASH~GTON
EcologyDivision

ATTO~E,Y

629Woodand Squarehop SE 4timoor ● hcey WA 98503
Mahg Addres;PO Box~0117 ● Olppia WA- 9850~117

December 18, 1995

~~C~lV~5

DEC181995

Mr. ,Jason Zeller ENERGYFACILIW.SITE
Energy Facility Site Evaluation Council
925 Plum Street, S.E., Building 4

EVALUATIONCOUNCIL
P. O. BOX 43172

Olympia,

Re:

Dear Mr.

Washington 98504-3172

Comments on Draft Environmental Impact Statement
Application No. 93-2

Zelier:

Thank you for the opportunity to comment on the Draft
Environmental Impact Statement (DEIS) prepared by the “Energy
Facility Site Environmental Council ‘(EFSEC) and the Bonneville
Power Administration (BPA) on the proposed Northwest Regional
Power Facility (NRPF).

In providing these comments, I will attempt to
specifically address areas in which I believe the DEIS is
lacking. In that regard, while I will identify subject areas
of concern, I will also attempt to avoid duplication of the :
substantive information already provided by myself in the . “

adjudicative hearing. It is my understanding that material
already provided in the adjudicative hearing will automatically
be considered by EFSEC in its SEPA Process and does not need

1

specific refere;ce in the SEPA proc=ss to be
request that all information provided in the
hearing be considered.

With the above understanding, below are
I have regarding the DEIS.

considered.1 I do
adjudicative -

J

specific comments

“will belThe DEIS indicates that the hearing transcripts
recorded and responded to in the final EIS”. (DEIS p. 6-6.)



ATTORNEY GENERAL OF WASHINGTON

Mr. Jason Zeller
Page 2
December 18, 1995

Natural Gas Pipeline .

The DEIS is wholly lacking in analysis of the natural gas
pipeline. There is no evaluationfrom a ~antitative and
~alitative point of view. What little analysis that is
offered, is superficial at best. The DEIS indicates that

The environmental impact of this lateral gas pipeline will
be covered under a separate FERC environmental review
process.

(DEIS,p. 1-4.) In reference to the pipeline, the DEIS further
indicates

The level of information available.is not as detailed for
the pipeline as for the NRPF and its.ancillary facilities.

(DEIS p. 1-24.) The only justification contained in the DEIS
for failing to include an appropriate level of detail regarding
the environmental effects of the pipeline is that FERC.will
site the pipeline. The fact that FERC will site the pipeline
does not excuse EFSEC from evaluating the environmental effects
of the pipeline. (See Counsel for the Environment’s Memorandum
of Authorities in Support of Consideration of the Environmental
Impacts of the Gas Pipeline attached Appendix 1.)2 This
deferral to FERC is without precedent.in SEPA.

SEPA mandates that agencies evaluate and consider
environmental impacts of proposals prior to taking agency
action. RCW 43.21C et.sea. Evaluation of environmental
impacts is not excused because the agency iacks jurisdiction to
take action.

In assessing the significance of an impact, a.lead
agency shall not limit its consideration of a
proposal’s impacts only to those aspects within its
jurisdiction, including local and state boundaries.

(Emphasis added.) WAC 197-11-060(4)(b). (Appendix 1.)

21 have attached this brief again because I am unclear as
“to whether it would be considered as part of.the hearing
transcript since it is arg~ent. I do re~est that the
argument be considered in light of whether the’DEIS
sufficiently addresses the environmental impacts of the entire
project.
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—

The DEIS fails to-consider all impacts in that any
consideration given regarding the natural gas pipeline is
superficial and/or is non-existent. As readily identified in
the DEIS, the environmental impacts of the pipeline may include
erosion3 of soils, air impacts, degradation to water quali~y, .
loss of wetland habitat, negative impacts tosensitive streams,
loss of habitat due to noxious weed infestation. (DEIS pp. 1-
8, 1-10, 1-12, 1-14.) Yet, no more than a cursory nod is given
to these potential impacts.

In several areas of the DEIS, impacts were simply not
evaluated

1.

2.

3.

4.

at all. For example, -
— —

Land use impacts of the natural gas pipeline will be
covered under a separate FERC environmental review.
(DEIS p. 1-17.)

Since there are no data regarding the operational’
status or existence of compressor stations along any
of the proposed routes, impacts can not be assessed.
(DEIS pp. 3-34 and 3-35.)

It is not knoti.whether or not Washington State or
federally listed sensitive, threatened; or endangered
plant or animal species use areas within or along the
proposed [pipeline] routes. (DEIS p. 3-61.)

Existing noise conditions for the alternative
pipeline routes have”not.been analyzed. (DEIS p. 3-
82.)

3The.DEIS indicates:

Erosion during construction and restoration. can impact the
quality of soil and water within the ROW and surrounding
areas. Erosion along the pipeline trench during the wet
season can cause the loss of topsoil and vegetation, and
can impact water.quality through sedimentation. Erosion
both during construction and operation is possible. In
extreme cases, erosion can contribute to the structural
failure of the pipeline.

(DEIS p. 3-11.) The above analysis is speculative and
superficial at best. It does not provide any kind of
quantitative or qualitative analysis. It does not comport with
the intent of SEPA.

2,
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5.

6.

7.

8.

9.

18, 1995

The risk of fire or explosion has not been analyzed
for the alternative pipeline routes. (DEIS p. 3-82.)

Potential releases to the environment have not been
analyzed for the alternative pipeline routes. (DEIS
p. 3-82.)

No mitigation has been identified for inclusion in
this EIS for environmental health and public safety
impacts during construction or operation of the
natural gas pipeline. (DEIS p. 3-92.)

Several gas line alternatives have been identified.’
but information necessary to ade~ately describe land
uses along each route is incomplete. (DEIS p. 3-102
and 3-114.)

[In relation to transportation facilities], impacts
of the”construction of the gas pipeline will be
detailed in the FERC application. . . . At the time
of the detailed environmental analysis, evaluation
will be made concerning the possible impacts of these
crossings and mitigation measures will be proposed.
(DEIS p. 3-153.) “

In other areas, a Pro9ra~atic approach was taken.4 This
approach is not justified. This approach does not allow for
full evaluation of the environmental impacts and, as such, is
not appropriate. While it may be appropriate for a DEIS to
approach issues programmatical.ly under certain conditions,
those.conditions do not exist in the current proposal:

WAC 197-11-080 provides:

(1) If information on significant adverse impacts
essential to a reasoned choice among alternatives is not
known, and the costs of obtaining it are not exorbitant,
aqencies shall obtain and include the information in their
environmental documents.

(2) When there are gaps in relevant information or
scientific uncertainty concerning significant impacts,

4This programmatic approach was taken in reference to
impactson cultural resources, geology, water ~ality
particularly as it ,relates to perennial streams and ephemeral
streams, and socioeconomic concerns. (DEIS PP. 1-19, 3-8, 3-
38, 3-181.)

2,

.
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agencies shall make clear that such information is lackina.
or that substantial uncertainty exists.

–2

(3) Agencies may proceed in the absence of vital
information as follows:

(a) If information relevant to adverse impacts is
essential-to a reasoned choice among alternatives, but is
not known, and the costs of obtaining it are exorbitant;
or

(b) If information relevant to adverse impacts is
important to the decision and the means to obtain it are
speculative or not known;

Then the agency shall weigh the need for the action
with the severity of possible adverse impacts which would
occur if the agency were to decide to proceed in the face
of uncertainty. If the agency proceeds, it shall
generally indicate in the appropriate environmental
documents its worst case analysis and the likelihood of
occurrence, to the extent that the information can
reasonably be developed.

(4) Agencies may rely upon applicants to provide
information as allowed in 197-11-100.

(Emphasis added:) WAC 197-11-080. These conditions are not
met in this case.

For example, the adverse impacts on cultural resources is
presently unquantified on more than a potential basis.5
However, the costs of obtaining detailed information on the
adverse impacts on cultural resource is not exorbitant, nor are
the means to obtain that information unknown’. In fact, the
applicant will presumably be required to obtain that -
information in the FERC process. As such, the impact
statement’s programmatic approach is not justified under
197-11-080.

WAC

‘For example, statements such as

[t],heNorth Route has moderate to high cultural resour
potential; that portion of the route from Deep Creek t
Spokane has the highest potential both in terms of sit
density and diversity. The three middle routes all ha
moderate to high cultural resource potential. The Sou
route has moderate cultural resource potential with
localize areas of high probability.

provide no substantive information regarding the adverse
impacts. (DEIS p. 1-20.)

‘ce
.0
.e
,ve
,th

—

2

—
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Having two process addressing parts of a whole totally
eliminates either agency from evaluating the environmental
effects of the project as a whole. In essence, piecemeal
review will occur. This piecemeal approach is contrary to
SEPA. (Appendix 1.)6 -

In addition and mostimportantly, the DEIS fails to
provide any qualitative or.quantitative information on adverse
impacts to water quality. For example, the DEIS states:

Surface water quality will be impacted during the
construction phase of the natural gas pipeline. It has
been proposed that the streams.will be crossed using open
cut methods. This method will degrade the natural banks
and bottom of the streams. Established bank vegetation
will be removed, increasing the potential for erosion and
stream channel migration. In addition, the potential for
siltation downstream will increase significantly.
Drainages adjacent to steep slopes are most likely ‘to
receive the greatest impact. The potential for erosion,
significant stream channel migration and siltation in
these areas will continue to exist until reestablishment
of permanent cover vegetation. If mitigation measures are.
implemented, impacts to stream crossings u be less
significant.

(Emphasis added.) (DEIS p. 3-42). The DEIS does not identify
whi~h streams will-be crossed, fish habitat within each stre~m
and/or any qualitative or quantitative information other than
the above quote. This superficial review fails to adequately
address the environmental impacts as required by SEPA.

. .
In summary, -the DEIS is fatally flawed in its failure to ~

adequately address the environmental impacts of the proposed
natural gas pipeline. This was recognized by Dr. Benjamin
Zamora when he offered his testimony in the adjudicative
hearing. (Appendix 2.)7 The Final Environmental Impact

bThe above analysis is applicable to the programmatic ‘
approach taken in reference to other areas beside cultural
resources as identified in footnote 4 above.

7This testimony is being attached as it is unclear whether
it would be.considered as being part of the adjudicative record
since it was not admitted as an exhibit. wile the testimony
is geared toward the application rather than the DEIS, it is
still highly relevant as the DEIS did not expand upon the

2

J
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WASHINGTON

Statement should give a qualitative.and quantitative analysis
of the impacts associated with the con-struction of the natural
gas pipeline.

Ozone Producinq Emissions

The DEIS fails to address at any level the environmental
consequences of the production of ozone as a result of the
NRPF.8 The final EIS should obtain information regarding the
damages associated from the production of ozone as a result of
the NRPF. This.information should be demonstrated by use of a
Regional Oxident Model evaluating the amount of ozone expected
to be produced. The final EIS should also analyze.the
environmental effects of the production of ozone with and
without a NOX catalyst. This analysis should utilize the best
available scientific information regarding the peculiar
attributes of ozone production in rural areasg and should
utilize information on background levels of NOX measured by an”
instrument of the “Super NOXttcategory.

The cost of obtaining this information is not exorbitant
and the value of receiving it will substantially aid EFSEC in
fully evaluating potentially significant impacts from the
operation of the -F. This information is essential in
determining whether a.NOX catalyst is appropriate.

In addition, the BACT analysis for use of the NOX is flawed
and should be reworked after obtaining data from the Regional .
Oxident Model. The cost calculations reported in the BACT
Analysis Documentation (Appendix F to the DEIS) contain
unjustifiable asstiptions regarding the price of electricity to
operate the SCR system and the useful life of the system.
Correcting these assumptions would reduce the cost per ton of
NOX removed to about ’20% less than the $7731/ton.

First, in calculating Capital ”Recovery Cost (CRC), the
applicant has assumed that the SCR System (excluding catalyst)
has a useful life of only 10 years and zero value beyond that
point. The system includes such long-lived items as
Foundations and Supports, Handling and Erection, Startup

information contained in the application.

‘The word ozone is not even mentioned.

‘I have enclosed as Appendix 3 a new article regarding the
attributes of ozone production in a rural environment.

1.2

3
,

——
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—

Assistance, etc. Similar structures and e~ipment in the
generating system are assumed to last much longer. The
interest rate of 11%.also seems high. Recalculating the
Capital Recovery Factor (CRF) at 10% interest rate and 20 years
life reduces the non-catalyst CRC from $1.232 million/year to
$0.865 million.

Second, electricity for operating the catalyst is costed
at $0.05/kWh. In contradiction, considerable evidence was
presented in the adjudicative hearing to the effect that the
power would be available for purchase, from @F or other
producers, at less than $0.02/kWh. At the lower price,
electricity for the SCR catalyst would cost $368,000 for one
year of operation.

The above two corrections reduce the estimate of the 70%
removal SCR catalyst by 20% from $7731/ton NOX to $6200/ton NOX.
Other such exaggerated costs by the applicant may be present.
The Final EIS should address these exaggerations.

In summary, the DEIS is wholly insufficient in its failure
to consider the impacts of ozone production as a result of the
NRPF .

Greenhouse Gases

The DEIS states:

[C]arbon dioxide (COZ) emissions from the WF will
contribute to the cumulative impact of.greenhouse gases.
The incremental contribution of the NRPF is in itself to
be considered significant, although the cumulative impact
of global warming may be significant.

(DEIS p. 1-9). The DEIS further states:

Neverthelesss, in.conjunction with other regional and
global sources of greenhouse gases, the NRPF may
contribute to global warming. Its contribution would be
noticeable, but not significant in comparison to emissions
of greenhouse gases from other sources in Washington State
and the rest of the world.

(DEIS P. 4-2.) The evidence in the adjudicative hearing
supports a finding that the NRPF’s emissions of greenhouse
gases will cause $4-12 million dollars of potential damage per

—

3

<

4
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year.1° This is significant.
in the DEIS is not supported

DEIS Minimizes”Im~acts

WASHINGTON

1
.

The statement of nonsignificance 4
and should.be changed.

The DEIS minimizes the environmental impacts in general.
By way of example but not ,limitation:

1. In the section on noise levels (DEIS p. 3-85), it is
noted that start-up o~erati~”nswould sometimes cause,
noise that would be clearly audible and higher than
the night time state limits. Then it stated that
!Istart-upoperations would comply with state noise

.limits ~ they were conducted during the day.tl ~.
The impl~cation is that excessive night time noise
levels will be mitigated by performing start-up
operations during the day. However, the statement in
the DEIS actually says nothing about whether start-up
operations will be conducted at night or not.

2. Another exampleof somewhat oversold mitigation is in
the discussion of visual effects. Pine tree
plantings are suggested as a partial screen of the
plant and stacks. The trees are reported to average
60-75 feet in height, about one-half the height of

. the stacks and transmission towers, and almost as
tall as the cooling towers (DEIS p. 3-133). Not
mentioned is the fact that it would take much longer
than the life of the plant for the trees to reach
their fiatureheight.

3. .Also regarding visibility is the statement that
perceptible effects of the emissions on the Spokane.
Class I airshed would occur only within one hour of
sunrise or sunset and only for a maximum of 6% of the
hours in a year. (DEIS p. 3-32). Not mentioned is
that only 16.7% of annual hours are within an hour of
sunrise or sunset. Thus an alternative,
comforting report of visibility effects,
that conditions for a perceptible effect

but less
would be
would arise

l~hile it is true that the specific ~antification of
damages is difficult due to fact that the costs of obtaining it
are exorbitant and the means to obtain that information in any
more detail is not known, the DEIS must still address the
damages by looking at the worst case analysis. WAC 197-11-080.

6

7

—
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during 36% of the hours immediately before and after
sunrise and sunset.

4: There is no justification for the comment on p. 3-61 8
that the net effect in the reduction in the wildlife ‘
population would”be minor. The pipeline route is not
known (DEIS p. 3-110), the wildlife utilizing the
lost habitat-is not known, and the disruption to the
habitat is un~antified in the.DEIS.

5. There is no justification for the comment on p. 3-157
that the impacts on transportation from the natural
gas pipeline will ,notbe significant. It is
acknowledged that the environmental analysis has not
been done. (DEIS p. 3-157.)

Miscellaneous Comments

1. The background,concentration of NO= of 11 ug/m~ as
identified in the .DEISis not supported. (See testimony
o.fDr. Campbell in adjudicative hearing regarding C!Super ,,
NOXSCinstruments..)

2. The statement’ that there is a deficit of energy is
misleading. (DEIS p. 2-48.) The evidence.is overwhelming
that the market includes the entire western coast (i.e.,
not just the Pacific Northwest) and that given the market,
there is currently a.glut of power.

The above comments plus the evidence submitted in the
adjudicative hearing should be considered as comments on the
DEIS . Thank you for the opportunity to provide my comments to
the DEIS.

Very truly yours,

DLM

DEBOM L. tiL.
Assistant Attorney General
(360) 493-9224

9

10

11
,
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STATE OF WASHINGTON . .

ENERGY FACILITY SITE E_UAT?ON COUNCIL’ ‘ ,

In re Application No. 93-2 )
) COUNSEL FOR THE.EWIRO*’S

of j =ORAND~.OF AUTHORITIES IN
) SUPPORT OF CONSIDERATION OF .

WA RESOURCES, INC. j THE EWIRO~ENTAL I~ACTS OF
) THE GAS PIPELINE

For Site Certification )
)

1. INTRODUCTION
.

EFSEC has, sua sponte, requested briefing on whether it.has
.

jurisdiction to’consider the environmental impacts of the .
.,

proposed 60 kile 9aS PiPeline= It is Counsel for the ~ -

Environment’s position, that EFSEC not only has jurisdiction but

is mandated under both the State Environmental Policy Act (SEPA)J

and ch. 80.50 RCW to consider the environmental impacts of the

pipeline.:
.

‘ The mandate to consider environmental consequences of the-

entire project

misinterpreted.

the pipeline.

(including the pipeline) should not be .

as indicating that EFSEC has jurisdiction to site

Counsel for the ‘Environment does not dispute that

the Federal Energy Regulatory Commission (FERC) has exclusive

authority to site the.pipeline. However, the lack of authority

to site a portion of an energy facility does not excuseEFSEC

from its mandate to evaluate the environmental .conseque.ncesof
.-
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the proposal when making its recommendation decision to the

Governor.

II. fiG~ENT

A. Cha~ter 80.50 RCW Requ ires EFSEC To Evaluate And-Consider
All Environmental ImDacts. (Includina Those Of The Gas ,
PiDelinel In Decidin~ Its Recommendations To The Governor.

EFSEC has the authority to recommend to the Governor that-

an energy facility be sited or not. RCW 80.50.040(8).

80.50 RCfidefines energy facilities as being ‘tanenergy

Chapter

planti ~. transmission facilitiesit. (Emphasis added.).

.RCW 80.50.020(10). A transmission facility by itself may,bring

forth EFSEC’S jurisdiction. A transmission facility is defined

in part as: t

(b) Natural gas, synthetic fuel gas, or liquified petroleum
gas transmission pipeline of the following dimensions: A
pipeline larger than fourteen inches minimum inside
diameter between valves, for the transmission ‘ofthese
products, with a total length of at least fifteen miles for
the purpose of delivering gas to a distribution facility,
except an interstate natural qas Dipeline requlated bv the.
United States Federal Power Commission;

RCW 80.50.020(7)..: This definition does not indicate that EFSEC

‘An energy plant is defined as including

(a) Any stationary thermal power plant with
generating capacity of two hundred fifty thousand
kilowatts or more . . . including associated facilities.
. .

RCW 80.50.020(14). It is undisputed by any party that the
proposed Northwest Regional Power Facility (NWRPF) meets this
definition of an energy plant.

‘It is presumably this definition that has raised the
issue of EFSEC’S jurisdiction to consider the 60 mile natural
gas pipeline. The author is presuming because no party has
objected to the evidence submitted on the pipeline and no

forward challeng~n~ EFSEC’S
26

argument has been brought
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cannot consider the environmental impacts. This definition does

indicate that the legislature recognized FERC’S authority to

site interstate natural gas pipelines and therefore excluded it

from’its definition.3

fact that transmission

EFSEC~s.jurisdiction.. .

legislature intended EFSEC to ignore environmental impacts of.a

pipeline under FERC’S jurisdiction when that pipeline. is a

necessary part of the energy plant which is under EFSEC~s

This interpretation is supported.by me .

facilities standing alon”emay bring forth

However, it does not make sense that the

jurisdiction.

In interpreting the intent of chapter 80.50 RC~, the

statute should .
. .

receive a sensible construction which will effect the .
. legislative intent and avoid unjust or abswd .

conse~ences.
. .

In re;Welfare of Hoffer, 34 Wn. App. 82, 84, 659 P.2d 1124 ‘

(1983). EFSEC must read.ch. 80.50 RCW in its entirety,
not

piecemeal. Donovick v. Seattle-First Nat. Bank, 111 Wn.2d 413,

415[ 757 P.2d 1378 (1988). In addition; where the legislature

prefaces an enactment with a statement of purpose,
such

declaration serves as an important guide in interpreting the

intent of the legislature. Hartman v. Washington State Game
. . .

Com~n, 85 Wn.2d 176, 532 P.2d 614 (1975).
\

$

jurisdiction.

c

M

3FERC’S authority to site includes the authority to
:ondition the siting of the pipeline.

EMOWD~ OF.AUTHORITIES - 3

— —



.

L

c

7

a

9

10

11

12

13

14

15

16

17

18

19

20

21

22i

23

24

25

26

In following these rules of statutory construction, it is

clear that EFSEC”must evaluate the environmental conse~ences of

the entire project. First, the intent of the leg~siatue was to

ensure that all of the environmental impacts would be addressed.

The legislature found: ,

that>the present and predicted growth of energy
demands in the state of Washington requires the
development’of a p~ocedure for the selection and
utilization of sites for energy facilities and the
identification of a state position with resDect to
each ~ro~osed site. The legislature recognizes that
the selection of sites will have a significant impact ,
upon the welfare of the population, the location and
growth of industry and theuse of the natural
resources of the state. ~

It is the ~olicv of the state of Washington to
recognize the pressing need for increased energy
facilities, and to ensure throwh available.and reasonable-
methods, that the location and o~eration of such facilltids,
will Produce minimal -adverse effects on the environment, ‘
ecoloqv of the land and its wildlife, and the ecolow of
state waters and their aquatic life. .

It is the intent to seek courses of action that will’
balance the increasing demands for energy facility location’
and operation in conjunction with broad interests of the
public. Such.action wil-lbe based on these Premises:

(1) To assure Washington state citizens, where
applicable, operational safeguards areat least as
stringent as the criteria established by the.federal
government and are technically sufficient for their we,lfare
and protection.

(2). To preserve and protect the quality of the.
environment: to enhance the ~ublic’s ODDortunitv to enio+
the aesthetic and recreational benefits of the air, water

. and land resources; to ~romote air cleanliness; and to
pursue beneficial chanqes in the environment.

(3) To provide abundant energy at reasonable cost.

(Emphasis added.) RCW 80.50.010. Nothingin the above

provision indicates that EFSEC is to ignore the environmental

consequences of a 60 mile pipeline in making its recommendation

‘tothe Governor, especially when the pipeline is a necessary

fiolw Diviiim
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component of the proposal.~ The opposite is true. EFSEC is

mandated to ‘Ipreserveand protect the quality of the’

environment”. ~.

protect the quality

mandates evaluation

proposal. ‘

This section does not say, preserve and.

of part -ofthe environment. This section ‘

of.all the environmental cotisequencesof a ~
. . .

This analysis is further supported by R~ 80.50.080. In .

that section, .the legislature mandated that the Council for the

Environment shall be appointed to I’representthe public and its

interest in protecting the quality of the environment’t.

RCW 80.50.080. Again, it doesn’t specify any l-imitation.
.

In addition to the lack of limiting language, the statute

empowers EFSEC

(10) To intearate its site evaluation activitv with
activities of federal aqencies havinq jurisdiction.in such
matters to avoid unnecessar.vdu~lic-ation;

(11) To present state concerns and interests to other’
states, reaional organizations, and the federal government
on the location, construction, and operation of any
faci~itv which may

enerqy
affect the environment, health, or

sa”fetvof the citizens of the state of Washington. .. .

(Emphasis added.) RCW 80.50.040. Had the legislature intended

EFSEC to ignore the environmental consequences. of interstate

natural gas pipelines, it would not have given EFSEC the

authority ‘to integrate its activities with FERC or to present
.,

the staters environment, health or safety concerns to the

federal government (i.e. FERC). If evidence related to the

pipeline is deemed irrelevant and therefore not admissible, .

41t +S axiomatic that the Project includes the 60 mile
pipeline. Without gas, the energy facility could not operate.
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EFSEC will not even know what

relation to the pipeline much

concerns.

the state’s concerns are In

less be able to present those

In addition, EFSEC is required to interpret its own laws in

accordance with the policies of SEPA and its rules. ,’

WAC 197-11-O.30(a). SEPA requires full environmental analjsis

even when the parts of the proposal are outside of the lead

agency’s jurisdiction. (For a full discussion of the SEPAts

requirements, ~ Ar@ment at pp. 7-9 of this brief.) . .

ln sum, EFSEC is mandated to preserve and protect the

environment. In this context, EFSEC is empowered to IIconduct

hearings on the proposed location of the energy facilitieslf.

RCW 80.50.040(7). From these hearings, EFSEC is mandated to

report to the Governor

,(a) A statement indicating whether the application is’
in compliance with the councilrs guidelines,

(b) criteria ‘specific-to the site and transmission
line routing,

(c} a coungil recommendation as to the disposition of
the a~~lication’,.and

(d) a draft certification agreement.when the council
recommends. approval of the application. .

(Emphasis ~dded.) RCW gO.50.040(8). Subsections (a). and (d)

above have the potential to conflict with FERC’S jurisdiction to

.

. ‘The application
pipeline.

includes discussion regarding the

MEMOWDUM OF AUTHORITIES - 6
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site the pipelines” It is

section attempts resolve.

this conflict that the definition

Howeve”r,section (c) does not conflict with EERC’S
. .

jurisdiction at all. EFSEC’S recommendation to approve siting
. .

of the facility or not.approve the siting is a wholly local.

decision. It is a decision that must be based upon all .

environmental factors.: The question presented is whether EFSEC

has jurisdiction to consider all environmental impacts of the’

proposedproj e.ct. The answer is a resounding yes.

B. iEPA Requires EFSEC To Evaluate And Consider All
Environmental ImDacts CIncludina Those Of The Gas Pineline)
In Decidinq Its Recommendations To The Governor.

SEPA requires agencies to evaluate and consider . ~.
. .

environmental impacts of proposals prior to taking agency
. .

action. . RCW 43.21C et.sea. EFSEC has interpreted this mandate

in WAC 463~”47-110which pdovides: ,

(a) The overriding Dolicv of the council is-to.avoid
or miti~ate adverse environmental im~actsx which may result
from the council’s decisions. .

(b) The council shall use all practicable means;
consistent with other essential considerations of state
policy, to improve and coordinate plans, functions, .
programs, and resourees . . .

‘If the council’s guidelines.are more stringent than
FERC ‘S , this would potentially be an impermissible
encroachment upon FERCJS authority. Likewise, if”the draft
certification has mitigation procedures that are different
than ultimately required by FERC, a conflict may exists.

‘This is particularly true when you have a facility that
cannot operate without the ability to obtain natural gas. The
pipeline and the plant present one proposal.

‘It is important to note, that the WAC does not limit the
environmental impacts to be considered. (See discussion at
pp. 4-5 of this brief.)
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(c) The council recognizes that each person has a , .
fundamental and inalienable right to healthful environment
and that each person has a responsibility to contribute to
the preservation and enhancement of the environment. .

(d) The council shall ensure that ~resentl~
unquantified environmental amenities and values will be<
given a~~ronriate consideration in decision .makinq along
with ecmomic and technical considerations.

(Emphasis added.) WAC 463-47-110. Evaluation of environmental

impactsg is not excused.because the agency lacks

take action.

In ‘assessing,thesignificance of an impact,
agency shall not limit its consideration of

jurisdiction to

a lead’
a.

proposal’s impacts only to those aspects within its
jurisdiction, including local and state boundaries.

(Emphasis added.) WAC 197-11-060(4)(b). Evaluation of t

environmental impacts.is also not excused because WA’S proposal
.

is presented in two parts (i.e. the plant.and the pipeline).

A proposal that has two parts but is IIrelatedto each other

closelyt’shall be considered.in the same environmental documenti.
“..

WAC 197-11-060(3) (b).1°

Proposals or parts of proposals are closely related
and they shall be discussed in the satieenvironmental
document, if they:

(i) Cannot or will not proceed unless the other
proposals (or parts of proposals) are implemented
simultaneously with them; or

9Environmental impacts include effects upon the earth “
(including geology, soils, and topography) , air, wafer, plants
and animals (including habitat) , energy and natural resources
and built environments. WAC 197-11-752 and 197-11-444. In
the present case,.it is undisputed that.a 60 mile natural gas
pipeline will have some impact-upon the environment.

l“Phasedreview is not appropriate when ‘litwould merely
divide a larger system into exempted fragments or avoid
discussion of cumulative impacts.” WAC 197-11-060 (5)(d)(ii).
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(ii).Are interdependent parts of a larger proposal and
depend on the larger proposal as their justification or for
their implementation.

.,

~. ; See also,.

640, P.2d-

Wn.2d 201, 634

Citizens v. Klickitat Countv, 122 Wn.2d ~~g, 638-

(1993); Cathcart v. Snohom.ishCountV, ~6

P.2d 853 (1981). Our courts have long held that.. .

SEPA analysis is required when “anv Dart of a Droiect or series

of Droiects which when considered cumulatively constitute,a ~ .,

major actions significantly affecting the quality.of”the
,

environment 1~~ (Emphasis added.) Juanita Bay Vallev Corn.v.. . .

Kirkland,
1

9 Wn. App 59, 72, 510 P.2d 1140 (i973). . . . ~
I

Agency decision makers must consider more than the I
I

narro”w,limited environmental impact of the ifietiate, -
pending actions and.cannot close their eyes to the..
ultimate probable envirom.en.talconsequences. [cite
omitted] However, SEPA does not rewire that every
remote and speculative consequence of an action be
included in the EIS. [cite omitted]

An EIS need not cover subsequent phases if the
initial Phase under consideration is substantially ,
independent of the subsement phase or phases, and the .
project would be constructed without regard to future
developments.

SEAPC V. Cammack 11 Orchards, 49 Wn. App 609, 614, 744 p.2d I1OI. .

(1987). Piecemeal review is not appropriate if the first phase

of the project is dependent upon the second phase and if the

consequences of the ultimate development can be initially

assessed. Cathcart v. Snohomish Countv,”96 Wn.2d 201, .210, 634

P.2d 853 (i981).

In ‘the present case, the energy plant is substantially

dependent upon the gas pipeline. The plant is worthless without

a PiPeline to transport the natural gas. As such, the two parts
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are co-dependent. The environmental impacts of the ultimate ~
.

development must be.addressed by EFSEC.[’

III . . S-Y

EFSEC is mandated under bothch 80.50 RCW and ch. 43.21C

RCW to fully evaluate ali environmental
.

proposal. WA’S proposal is to build a

facility. As such, EFSEC must evaluate
.

pipeline needed to transport-the gas.

..”

impacts of .~A~s

natural gas

the impacts

power=ene,rgy

of the

DATED this ~(,; day of October, :.
.1995.. .

CHRISTINE O. GREGOIRE
Attorney General

. . /&d dy~ ,
DEBORAH MUU, WSBA #15i02

“ Assistant Attorney General
Counsel for the Environment
(360) 493-9224

dlm\pipeline.brf
,

.

. .

17’

18

19

20

21
lrItis Counsel for the Environment~”sposition.that the

22 application ,and prefiled testimony is insufficient to
adequately address the.environmental impactss

23
This ‘

insufficiency is due to the applicants failure to request PGT
proceed with its application for the pipeline before FERC.

24 Had the applicant not taken such a position, EFSEC would be
able to fully address the environmental consequences as a

25 joint NEPA and SEPA document with FERC could have been
prepared.’.However, the applicant’s failure does not excuse

26 EFSEC from fully evaluating the environmental impacts of the
pipeline.
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. . STATE OF WASHINGTON
ENERGY FACILITY SITE WALUATION

In re Application No. 93-2 )
)

of ‘)
)

WA RESO~CES, INC. )
\

.For Site Certification - i

Q1. ~

Al.

Q2.

A2 .

Q3. .

A3 .

Q4.

A4. .

PREFILED
BENJAMIN

COUNCIL

P~FILED TESTIMONY OF
BENJAMIN ZAMORA

Please state yeur name and business address.

Benjamin Zamora ~
Department of Natural Resource Sciences
Washington State University
Pullman, WA 99164-6410 ‘

Are you currently employed?

Yes. ~ ..

By whom and in what capacity?

I am employed by Washington State University and serve
as an Associate Professor in.the Department of Natural
Resource Sciences.

Can you please briefly describe your educational and
wo,rkhis’tory?

I have a B.S. degree in Range Management from Oregon
State University, a M.S. degree in Range Management
from the University of Nevada - Reno, and a Ph.D. in
Botany from Washington State University. I started my
professional career as a Range Scientist for the USDA
Agricultural Research Service in 1968 at Pullman on
the WSU campus, working on range weed ecology and
control. In 1973, I was appointed to the faculty.of
the WSU Department of Forestry and Range Management to
teach and conduct research in the areas of range and
wildlife.habitat management. In the mid 1980s, my
academic responsibilities shifted to greater emphasis

A~O-G~L OFWAS~~ON
&olWyDivtim . .

TESTIMONY OF
m hx 40117
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A5 .

Q6.

A6 .

Q7.

A7 .

Qa.

A8 .

Q9.

A9 .

on landscape ecology, wildland fire, and reclamation
of severely disturbed lands. Currently my
instructional responsibilities are in plant
identification and ecology, landscape ecology,
wildland fire, and rangeland rehabilitation. My
current research addresses wildland fire, landscape “
ecology,.and reclamation of mined lands. Attached as
Exhibit 1 is a true and accurate CODV of my vitae. .

What is your field of e~ertise?

Landscape ecology and reclamation/restoration of
severely disturbed lands. -

he you familiar with the proposal by ~ and CSWE to
site the Northwest Regional Power Facility?

Yes.

How did you become familiar with this project?. .

I was contacted by Ms. Deborah Mull, Assistant
Attorney General of Washin@on, to serve as a
consultant in evaluating the application.

Generally, what was your understanding regarding your<
duties in evaluating this project?

Because of my familiarity with the landscape,
vegetation, wildlife populations, and habitat’types of’
the project sites, I“was asked to evaluate the
application for statements of the environmental
impacts of.the facility on wildlife and botanical
resources, assist ‘in the quantification of damages
associated with these impacts, and identify mitigation
measures. Additionally, I was asked to evaluate the
EIS when it becomes available with regard to wildlife
and botanical impacts.

What documents have you reviewed in evaluating this
project?

,
I reviewed the following documents provided by Ms.
Mull :

‘1.. The apPlication submitted for the NWRPF ~roiect~

2. Copies of the direct testimony of the applicant,
specifically that of Donald R. Heinle and Wilfred
G. Thomas;..

PREFILED TESTIMONY OF
BENJAMIN ZAMO~ - 2 .
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Q1O.

A1O. .

Qll .

All.

Q12.

A12 .

PREFILED
BENJAMIN

3.

4.

, 5.

What

CH2M report ltWA Resources, Inc. gas pipeline
Corridor Report, Sept. 1993;

PGT report ‘r~A Resources Natural Gas Pipeline
Routing .Study~l,June 13, 1994; and

Copy.of ‘!Responsesto Intervener Issues, CH2M,
May 5, 1995, NPE36089.B1.

approach did you take in evacuating the Northwest
Regional Power Facility?

I was a member of a team of consultants from WSU
representing the scientific fields pertinent to the
application. The team approached the application
review from ‘aninterdisciplinary standpoint with each
consultant individually,addressing specific areas
within the application based on e~ertise. The
reviews were then brought together .to..forma more
holistic view of the cumulative impacts and potential
mitigation of the power facility.

Why was this approach taken by the team?

The interdisciplinary approach would draw together a
holistic view of the project where unmitigated
environmental damages would be quantified and valued
in terms of the open market system. . Mitigation could
then be applied in terms clearly understood by all
parties involved to’protect the environment. The team’
perceived the.effects of deregulation and the open
market system as a positive way to keep power costs
down but felt that a purely market driven system would
not adequately address environmental costs of the
project.

Can you summarize the environmental damage” (negative
impacts) associated with the construction and
operation of the Northwest Regional Power Facility in
relation to wildlife and habitat issues?

Yes aid no. The information regarding impacts given
in the application and supporting documents
(application reports, response to intervener issues
(May 4, 1995), and testimony) is of sufficient detail
and based on field verified information to accurately.
identify impacts at the power plant site. However, I
cannot.summarize environmental impacts along the gas
pipeline with confidence based on information in the
application and supporting documents.
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A15 . In a comparison of detail given for the facility site
versus gas pipeline corridor, I concluded that the
information contained within the a~~lication.is
insufficient to quantify the environmental damaae with
certaintv. The gas pipeline corridor was defined as a
two mile wide strip of land over the entire length of
the corridor. Within this corridor, five potential
routes were identified. National Wetland Inventory
.Maps and the Washington Department of Wildlife
Priority Habitat System maps for critical wildlife
species distribution and habitat were used to identify
potential wildlife and riparian/wetland concerns.
Listings of wildlife, wildlife habitat; and
riparian/wetland intersections by each route were
prepared and summaries of critical wildlife concerns
generated from these listings. No field survey was
conducted.to validate the data summaries or verify
potential problems identified by the data summaries.
It is very likely that additional ~ritical wildlife
and sensitive botanical resources >ccur along each
route. But because no field asses ment was made to
verify “and determine the full exte t of sensitive
resource occurrence, it is not knc 1 to what extent
the listings given in the applicat >n represent’ actual
resources that would be impacted. This assessment
then, is only conjectural and at k ;t incomplete until
field surveyed and verified. The antative nature of
the impact summary is clearly stat 1 in the Response ‘
to Intervener Issues document (que::ion 6). ~Exhibit
u

u How is the level of detail Provided for the Power
plant in relation to the level of detail Provided for
the PiDeline corridor?

A16. The power plant site was more.critically evaluated
through field survey with exact site location clearly
defined. I spoke with the two Washington Department
of Wildlife personnel who were involved in the survey
and feel confident that the information provided in
the application and supporting documents provide an
accurate appraisal of wildlife species occurrence,
wildlife habitat,.botanical, and vegetation
assessment, along with rectification and mitigation
measures to be taken.

25 The Pipeline involved interpretations of map data ‘
without field verification. There is no way to

i6 correlate the final selection of the pipeline route
with high impact sites until final selection of the

PREFILED TESTIMONY OF
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Q17 .

A17 .

Q18 .

Ala .

route is made and field survey produces an accurate
inventory of wildlife and sensitive botanical
‘resources along that route.

In addition, until a final route is selected bv FERC
no definite impact assessment can be made. All that
.is available at this point are summaries of “all known
resources reasonably likely.to be found” or IImaybe
found in each corridor, according to the PHS and NWI
maps” (Response .toIntervener Issues, May 4, lgg5,
question 6a)l It would be very difficult if not
impossible to derive a realistic assessment of
cumulative impacts from the information given in the
application without knowing where in the corridor the
pipeline will be installed and time and duration of
construction or whether the corridor~s ~ro~osed bv WA
will be ultimately used bv FERC when it sites the
pi~eline.

..

What.type of information would be required .in order to
determine the environmental damage to wildlife and
habitat associated with this facility (in the same
sense as that of your collea~es evaluating fipads on
air ~ality, water usage, and ener~ produc~ion)?

First, one would.need to know the exact route that the
piDeline would take. (e,a. where FERC sites the
pioeline. ) Second, a field survey of the route .
selected bv F.ERC,even o“fa minimal reconnaissance
nature, is necessary to accurately identify all ,

wildlife and sensitive botanical resources along the
most probable route of the gas pipeline installation..
This would give more credibility to the effort to
correlate the route of installation with mapped .
elements of priority wildlife habitat, wetland areas,
and sensitive botanical resources. This would
additionally provide more site specific attributes
which c,ouldbe incorporated into the decisions
regarding avoidance, minimization, or rectification”of
negative impacts at this stage of the evaluation. If
specific situations are identified and considered
unavoidable, then mitigation measures could be
evaluated and selected. At this point in the process,
monetary values could be assigned to clearly defined .
mitigation measures and compensatory mitigation
initiated.

Given the limited information available, what can you
state as to the environmental damage associated with
the Northwest Regional Power Facility?

With regard to the power plant site, the net impact to

PREFILED TESTIMONY OF
BENJAMIN ZAMORA - 5

m mx 40117
Olympk. WA 98SW4117

F= *M) 438-7743

—



.<

d

I

t

.

t

(

1(

1:

1:

,1:

14

15

16

13

le

1~

.2C

21

22

23

24

25

26

the site will be long-term enhancement over existing
conditions because of the revegetation, grazing
elimination, and habitat development commitments by
~A .

With regard to the gas pipeline corridor, if
construction activity is restricted to minimum areas
during installation and-the duration of construction
activity minimized, then timing of construction
becomes the.most critical determining factor of total
wildlife resource impact, especially for sensitive
wildlife species. Generally, the most obvious impact
of pipeline installation will be,short-term disruption
of plant and animal communities by construction
activity. The severity of this will depend on time of
entry into critical habitats. If entry occurs during
a critical breeding or occupancy period of the area by
wildlife and the construction:activity intrudes into
these sensitive areas, wildlife will respond
negatively in the short term.

Habitat disruption will occur as.a result of
construction activity, but the severity will depend on
the amount of area encompassed by the construction and
the intensity of disturbance caused by construction
equipment and traffic. There exists a high ~
probability that habitat deterioration may be .
initiated by the introduction of noxious plants which
compete with the native vegetation that composes the
natural habitat wildlife..

If the installation of the pipeline is not carefully
engineered according to the character of the soil and
topography, the possibility of erosion exists which
can have considerable impact on both terrestrial and
wetland habitats and wildlife. This is particularly
true for wetlands.where many aquatic species are very
sensitive to sediment changes in the.aquatic system.

Q19 . Given the limited ~nformation available, can you
identify what mitigation measures do you think would
be appropriate in this .ease?

A19.. For the power plant site, the-mitigation measures .
proposed are adequate.
elimination or grazing,
development.

For the gas pipeline, I

///

These include revegetation,
and wildlife habitat

have no answer.
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Q20.

A20.

Q21.

A21.

Q22.

A22.

Q23.

A23.

Why not?

Until a final selection of the gas pipeline is made
and specific information and more complete
identification of the actual impacts most likely to .
take place, all impacts and proposed mitigation
measures are hypothetical and can only be stated in
the most generic terms.

Are some of the damages associated with the wildlife
and habitat issues incapable of being fully mitigated?

After review of the map inventory of wildlife species
to be potentially affected by the gas pipeline
installation, I saw no impacts that could not be fully
mitigated provided that the elements of mitigation,
e.g. avoidance, minimization, reduction, and
rectification, are rigorously adhered to. The
greatest concern will.be over those potential impacts
outlined in Q18 that could have long-term deleterious
effects on the quality of wildlife andplant
populations occupying those habitats.

Piease e-lain.

The invasion of noxious, competitive plant species
could be initiated by the construction activity,
primarily through the carrying of seed by vehicles .
into construction areas. Extensive soil disturbance
from heavy equipment is expected resulting in ideal z
conditions for noxious plant establishment. Once
established, these kinds of plants can dramatically
and negatively affect the quality of wildlife and
sensitive plant habitat by altering both the structure
and composition of the habitat and competing with
native plants for habitat resources for plant growth.
Introduction of noxious plants into riparian zones
along streams is also common and can be of even
greater concern. Monitoring of corridors for noxious
plant invasion and control of such plants is no small
task. , The willingness of a company to assume this
responsibility should be sought.

Soil erosion and slope failure along the pipeline
trench could send substantial amounts of sediment into
wetland areas which would have significant long-term
negative impact on wetland ecosystems.

If these types of problems are not mitigated, what.
will be the-consequences to the wildlif; of our state?

Generally, the damages will contribute to the

A~ON=G~ML OFWASHN~ON
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Q24.

A24.

Q25.

A25.

Q26.

A26.

Q27.

A27.

deterioration of wildlife and botanical resources of
the immediate area, but,even though the impacts may
seem small in terms of a total landscape perspective,
they will perpetuate the trend of declining wildlife
and sensitive botanical resources for the entire
state.

Can you fully quantify the environmental damages to
the wildlife of our state?

No.

Please e~lain.

Accurate quantification of potential en~ironmental
damages requires a substitive, verified data base of
the resources to be encountered by the proposed
pipeline construction. All that was provided in the
application was an interpretive, unsubstantiated data
base. Until a validated resource inventory of the
final route for pipeline installation is conducted,
any quantification of environmental damages or lack
thereof, is a matter of conjecture.

Have you formed an opinion as to whether XVAZS
proposal allows for a cumulative impact analysis given
the level of detail on the pipeline?

..
Yes.

What is your opinion?

~A’s proposal cannot provide a cumulative impact
assessment. Unless the actual line of travel of the
pipeline is established, cumulative impact analysis
cannot.be made because all impacts become a matter og
probability and conjecture without verification.

I declare under penalty of perjury under the laws of the
State of Washington that the foregoing is true and correct to
the best of my knowledge.

\
?.

dlm\zamora.tst
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Alloy’sm:ignesium plan[atAddy,Wshinglon

Vcgctntion suqssion after furcs[ stand dcfnliation by the Douglas-fir lussock motit 1975-78

Pr&\cribed gr~jrrg by dom~$[ic Iives[mk to m:lnipulatc vcgc[ation along 1977-79 -
transmission line Right+f-W~y

hnpacLsnf spruw budwnrm~usti ddmage nnd suhquem marragmcnt ativjti~s 19?&gJ
on big game habjtat in W=shing[on and Momflna.

~assifruliorr and mapping of fo;st l~titat types on Bureau of hdhur Affnirs Iand 1981-g;

Appliw[ion and cffwL$ of pres~ihcd burning on rdnge]nnds of tic Pacific NorthwGsl 1988 -pmcn[

Control of uommon crupina wiU) pm~tihd fire 19wprescnL~

Revegctation and topsoiling of spoil si[cs Uf an nb’and~nd uranium mine IWplwenl
in Glst<cntrdl Washington.
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rehabilital~l mine ‘arczsand dctcrrnintitionof rehabilitation standards for pasture, up!and
forest, and wetlanci siles. -
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1. Howwiu=A get the water to the plant for coo~? .’

W piant wodd be cooled by water drawntim a weHficldadjacentto Me Roosevel~
k to five weh wotid be @ed at that location. Waterwitidrawn tim the weMeld
wotid be pumped to the ~F.project site via a 30-inch pipekc, which wodd fo~ow an
tignment identied in conjunction with.lti Iandowne&. ~ tignment runs gencfiy
south-nom foUowing county roads where possibie, for a toq distance of appromly 7
d=. me pipetie wotid be located within a 30-foot permanent right~f-way. Instruction
wotid omur entirely within a 130-foot temporary co-ction =rnenc Access to the
pipehe construction area wodd occur over this construction easement and over cmg

. roads, and no new construction access or maintenance -S roads wodd be require~ -r
the pipefie has been instied, the pipehe right-of-way wodd be Egraded so that

Iagricul- crops can be replan~ in areas where the-pipehe p= through agrictdti .
fields.

2. k rnechardd cookg an option that is being conside~?

Mcchanid draft coobg towers w~ be used for cootig. Air*oIed condensem (which,
would not ~uire water for cookg water tie-up) were considere~ but rej~ because of
their ~onably -r COSGtie reduction in piant efficiency that they wotid cause, and ‘,
significant problems witi re~ii~. As stated in the SCA (section 2.62), an air~ied
condefiing system wotid cost $24.8 Won more than the proposed mechanid draft
cootig towers (their cost wodd amount to 8.7 percent of toti project cost). ~ey wodd be
much mom massive in sti. ~ey wodd reduce the output of the plant up to 31.8 ti@watts
during summer months. ~ese -of air condensing system have had problems with icing
in cold winter cl-, which=US= =er inefficiencies, reduces outpu~ and can even

. led to shutdown during the periods when the plant’s output is needed the mos~ For these .
mons, air+ooied condensers wem mjecmd from tir consideration ‘mu~onable. . .

3. Wfll they be pumping out of the ground or using some other means of ge~g
water? W is of concern to us in fight of the probIem that Lmcoh Comrty and
a~d~ are facing with the SoIe Source Aquifer d~ignatiom

Mthough the cookg water wotid be pumpedfrom wefls, these we~, Me the etisting welk
at the site, are located in Wuvid terrace deposits adjacent to Ne Rooseveit and wodd be
diredy charged.by the l~e rather than by any groundwater aquifer. WeU logs from the
etisting wells and water ievel monitoring indi~ that the weufield is in dwct connection
with Me Roosevelt. Because groundwater Ievek diredy refl~t the I&e level and the
te~e deposits are coarse and would be.well-drained in the absence of the l~e, the w~r
pumped born ‘the weUs would be I&e water tier than from a groundwater aquifer.

1
—
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5. Wbt prwedur& wi~ be fauowed if tie pipe{ine goes -~h ~ wetid?

c M* 58 dm .
● F&t ofwcdandCO=CtiOK 2,300
● Number of -s- crossings: 5
● Nuti of epbe- stream crossings: 50
* Number ofsensiuve fih ~ erosti ~12 @@d resident fik do~y

vardetiti tro~ Olympic mud how)

10.



● Mles crossing sensitive biologicrd hai= 18
~ inclu&s- and pond area with riparian vegetioq, whi~-
tied deer fawning ~ ciiff htihat with ptia woodpeckers and
wintis~g bdd eagie use; urbad n- open spaces with
shruMsteppe remnants associated with w-m bluebirds, -hopper
sparrows, Ed-tied hawks, ~-homed owh, Coopers hawks,
wintig goshawks, coyotes, wintering bdd ~~, win~ w~rfowI
conmntmtio~, cavity-nesting duck, pfieated woodp~ti, wetid
marsh and associateds= with heron, bitte~ black-mm f-g .
m, san~ crane migration stopover, tiger stider, beavc~
wcdand with shorebird use, ea~e fag habi~ and.divc~ plant
community for w-owl nesting and restin~ m with sharp-titi
grouse lek within 1 dw deer fawning ~ riparian winter budding
htiltat for s-tied grouse s-tied grouse habim

.

.

Mdae Cotidor 1 (c-ndv urefemd route~

● hn~ 69 des
● F= of wetiand construction 14,800
● Number of pereti _ crossings:’ 5
● Number of qhcmd ~ ~ssin~ 58
● . Nutirof sensitive fih ~ trod 15 @ted resident fisti do~y

vardefid trow OIympic mud.mirmow)
● ~es crossing sensitive biologi~ habi~ 8

~ inciude wetid marsh and associated stream with heron, biw~
black tern feeding area and san~ crane migradon stopover, tiger ~
smder and beaver Mlw, wetbmd areas with shorebird use ~
@e ~o~g ~ and waterfowl nesting and resting ~ m for
d~r fawning s-tied ~use habi~ steppe habitat with seasod
conmntratiom of watefiowi, spring waterfowl nesting, and bdd @es

. in fti and winteG riparian m with white-tied deer fatig,
pfieated”woodpeckers, and bdd eagle use in winter and spring.

. .

,

Mddle Corridor2:

● bn~ 69 ~es
● Feet of wedand construction 18,550
● Number of pemntid stream crossings: 5
● Number of ephemeds- ~ssings: 65
● Number of sensitive fish streams crossed: 13 (fis&d ~ident fish do~y “

v@efidl trout Olympic mud minnow)
● Mles crosskg sensitive biologid habiw
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m include area with sharp-tied grouse lek within 1 ti~ deer
fawning ~ riptian winter budding habitat for s~-tid grouse;
sharp-tied grouse habi~ wetfand -h and wociated stream with
hmny bitte~ b~ tern feeding area and san~ crane migradon
stopover, tiger salamander and beaver Wxm, steppe area with .
seaso~ conceptions of waterfowl, spring waterfowi nesting, and
bdd -Win ~ and winte~ fip~ ~ with W~te~tid deer .

fawnin~ ptieated wood~kem, and bdd @e use in winter and
~%s- titi associated ephcm~ ponds for bdd -es, heron
f-g, mixry waterfowl use, and staging-for waterfowl,
-m, and shombti.

Mddle.Corridor 3:

● k@ 70des
● Feet of wetimd construction: 20,650
● Number Of~- S- ~SSti~: 3-.
● Number of ephernd S- crossings: 57
●’ N+r of sensitive fihs~ crossed: 7 @ted resident fih do~y. ‘

vardetiti trow Olympic mud minnow)
● ~= crossing sensitive biologid habim 15

~ incIude shruMsteppe ~ with s~ti@ grouse ~itat with .
associated wads, mi~~ waterfowl-g and nesting ~ .
- with seaso~ concentmtions of waterfowl, spring watetiowl
n-g, and bdd @es h.f~ and winteq n- ~ with white- /

Med d- fiwning ~ pfieated woodpeckers, and bdd ea@e use in
winter and sp~~ stream with associated ephemed ponds for bdd

., eagles, heron foraging, migratory w~rfowl use, and staging m for
W~fiOWi, cranes, and shorebd; stib/steppe.titi mi@O~
waterfowl resting and nesting ~ and sharp-wed muse WIU
shb habitat with redti hawk foraging and sagebrush vole habiw

South Cofidoti

● hn~ Wales ~ “
● Feet of wedand co~ction: 1240
● Number of W* stream crossings: 3
● Number of ephcmeti stream crossings: 38
● Number of sensitive f~h S- crossed 3 @ti mident f~h do~y

.vardetiti trou&O1ympic mud minnow)
● ~= crossing sensitive biologid habi~ 21

* inciude shrub/steppe area with sharp-tied grouse habitat with ‘
associated wekds, migratory waterfowl resting and nmting -:
steppe used season~y by waterfowi and bdd eagles with spring
waterfowl nestin~ riparian area used for sharp-tied grouse wintering

12
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7.

b. Are there threatend and en~ered ~des now or in tie near *?

Pleasesee tie qnsc m 6 (a).

.

*logy

Mtim.on ootions:
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~c relationship between 0,” and NO= (NO+ N03) which was m=urcd during summer and winter
periods at N1wotRidg%Colorado. has been analyzed and compared to model ~tiatio= Both modcf
~lmlations and observations show that the dtiy 03 prodution per unit of NO= is greater for lower
NOr Model mlmlations without noamethanc hydr-bons @MH~ tend to underestimate the 0,
production rate at NO= higher than 15 parts per bilfion by volume and show the opposite depestdcn=
on NO=.~c model mlmlatiorts with NMHC arc consistent with the Obscwd data in this regimeand
demonstrate the importanmof NMHC chemistry in the 03 produtiiom In additiom at eight other rud .
statioti with eoneurrcnt 03 and NO= measurements in the mtrd and casterrr United States the daify
03 increase in summer afso agrees with the 0, and NO= relationship prdletcd by the model. ~c
eorrsistcncyof the observed and modclalmlated daify summer O, increase impfics that the average 03
production in rurrd areas ean be prdleted if NO= is knom ~c depcndcnec of 0, production rate on
NO= dcdueerf in th~ study provides the basis for a -de estimate of the totaf 03 prodrstion. For the
Umted States an average summer column 03 prorfuetionof about I x 10’2inn-z s-’ from atrthropoge

. nieafly emitted NO= and NMHC is csdrttatd ~i photmhemid prodrretion is rou@y 20 times the
ave~gc ero=tropopausc 03 flux Production of 03 from NO= that is emitted from natud sourecs in
the United States is mtimatcd to range from 1.9x 10” to 12 x 10” a-z s-’,, which is somewhat .
smaller than ozone production from anthropogcnic NO= sour= Extrapolation to the entire northern
hemisphere shows that in the summer. 3 times as much 0, is generated from natu@ precursors as those
of anthropogenic origim~c winter daiIy 03 production rate was found to be about 100/0of the summer
value at the same NO= level. However,bemuse of longer NO= ~ictirttcin the winter, the integrated 0,
production over the fiictimeof NO= may be mmparablc to the sunmtcr vafue Moreover, beeausc the
naturaf NO= sourecs are substarr~y amdcr in the winter, the wintertime 03 budget its the northern
hemisphere shotrfd be dominated by omnc produ~on fromsnthropogctsicozoneprceurso=~c
photoehcmi~fifctimcof 03 in the winter in the mid-latitude is approximately 200 days We propose
that thislong ~tctimc allows aruhropngcrsidy produced 03 to a~datc and mntributc substantially
to the observed spring rnaximrrmthat is usdy attributed to stratospheric intrusiom Furthermom the
anthropogcrric 0$ may be transported not only zonafly but * to Iowcr Iatitud= ~US tie long-tc~
interanntrrd inercasc in 03, observed in tic winter and spring -mat Maurta ~% MSY~ duc to the
same anthropogenic influcrtecsas the * winter trend observed at Hohcrt~nbcrg Germany.

,

I~oDu~ON

Since the initiaI prediction of an active hydrogen radid
photochemistry in the natural troposphere by Leuy [1971],
the photochemial production and loss of tropospheric ozone
have been investigated extensively. By analogy to the urban
ozone formation mechanism Crutzert [1973] and Chtuneides
and Walkr [1973] argued that photochernid- production of
ozone in the troposphere is much greater than the flux from
the stratosphere. bter advan= in the knowledge of the tro-
pospheric distribution of nitrogen oxides [e.~ Noxon 1978;

Kley et al. 1981] resulted in art improved unde~tartding of
the ozone budget [Fishnran et alq 1979; Liu et al., 1980; hgh

et al., 1981: Crutzen and Gidel, 1983]. ~ese studies gencrdly
confirmed the earlier calculations. me predicted production
and loss rates were smaller, but the net production of ozone in
the troposphere still remained a few times the cross-
tropopause flux of ozone from the stratosphere.

‘ Also at Cooperative Institute for Research in Environmental Sei-
cnees, Universityof Colorado, Boulder.

‘Also at Department of Chemistry, Metropohtan State Collcgq
Denver, Colorado.

Copyright 1987by the Ameri=rr Geophysid Union.

Paper number 7DO043.
0148~227/87/007DW3W5.W .

~ The studies cited above are model evduatiotts of ~obrd
production and loss of 03 based on limited knowledge of the
distribution and budget of NOr Direct observation of photo-
cheti.d production and Ioss of 03 and its dependence on
NO= is required to validate suchmodelpredictions.Some
indlrcct evidence foi photochemicd production is available
[Fishman et al. 1979: Fishntan and ~eiler, 1983], butif is not
fully quantitative and may be subject to other inte~retatiorts
[Liu et al. 1980; bgan, 198~. On the other han& observa-
tion of NOX mixing ratios less than 0.01 parts per bilfion by
volume (ppbv) in the mid-Patific provides eviden= for photo-
chemid destruction of ozone in the remote troposphere [Liu

et al- 1983].
Extensive data on 0, and its prearsors have been gathered

at several rural stations [Fehsenreld et al., 1983; Kelly et al.,

1984a; Parrish er al., 1986a]. These data allow detailed analy-
sis of the production and loss of 03 and the relationship of
these pro&scs with NO= and hydromrbon precursors [Feh-
senreld et al., 1983; Kelly et ala 1984a; Greenberg a.rrdZinrmer-
ma~ 1984].

In order to evaluate these dat~ a chemid modeling ap-
proach is presented that treats the influenm of the combined
eff- of NO= and nonmethane hydrocarbons (NMHQ, as
well as CO and CH4, on ozone production Approximate
methods to compensate for the eff~ts of transport and dilu-
tion are developed ~is treatment provides estimates of ozone
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NOx(ppbv)

1. (a) Summertimc(fune 1 to August 31) 03 and NO=rc-
Jationship observed under clear sky eandhions at Niwot Ndgq Col:
orado. Solid eirclcs are observed vafuesfrom 0700 to 1100MST and
open eirelcs arc observed values &twccn 1400 and 1900 .MST.The
vcrtiml bars give the 9570eortfidcnectits for the average. (b) Same
as figure la cxmpt for winter (Dcecmbcr1to February 28).

production -trrring in w air mass. The model predidorts
are compared to the dtumd variations of ozone as a function
of NO= mixing ratio measured at Niwot Ridge Colorado.
These results, in turn, are mmparcd with the measured
summer ozone increase observed by Kef[y et u(. [1984a] and
Research Triangle Institute [197fl. An afgorithm is developed
to approximate the relative etiion of NMHC and NO=
from anthropogenic sourm. The model-predicted ozone pro-
duction as a function of NO= level is then used to estimate
photochemimi ozone production asstiateef with naturrd and
anthropogenic NO= sourw as a function of season on re-
gional and ~obaf sales.

Mmwm

The meastt~ement site, instruments, md data were dcseribed
in detail previously [Fehsenfeld et al. 1983; Parrish et al.
1986a]. A brief summary is given here to facilitate later dis-
cussion.

The measurement site is Io=ted in a forest clearing in the
Rocky Mountains approximately 60 km northwest of metro-
politan Denver, Colorado. The site has an elevation of 3.05
km. The prevailing winds are from the WCSLwhich bring in
clean air: however,. thefe are frequent easterlies fi.e., wind dt-
rection is from the east) that transport pollutants from the
metropolitan area to the site. As a resul~ the measurements
show large variations in the concentrations of anthropogenic
pollutants. Atmospheric traec sptics were measured con-
currently at the site during several extended periods from 1981
to [984. A large data base of simuItaneotrs measurements of
03, NO, NOZ, HZO. UV radiation flux, and meteorological
parameters was obtained. CO, CH., NMHC, S02, particulate

NO, - and S042 - were measured less frequetttiy. of particu-
lar interest were the NMHC which were measured at this site
by Roberts et al. [1983, 1984. 1985] and Greenberg ad Zim-
merman [1984]. Only average values of NMHC for the
summer and winter are given by the latter investigators. For
the hydromrbons measured by both groups the results were
consistent with each other. .

Figure I shows the 03 mixing ratios measured at the site in
the morning and afternoon during the summer and winter.
The data shown incitstfe aii measurcmcnc frcm June {
through August 31 of 1981. 1983, and 1984 (Figure la) and
Deecmber 1 through February 28, 1981 (Figure lb). Thc open
circles represent the obs~rved average values of 03 within a
NO= interval ecntercd on the symbol for the afternoon be-
tween 1400’and 1900 MST. The solid circIcs give the morning
measurements that were made between 0700 and 1100 MST.
The vertial bars are 95% confidertee levels of the average
values. The confidence Ievek arq”relatively large for NOX levels
grater than 2 ppbv due to the sparsert~ of the data for these
infrquent polluted Ievefs.

Sirtm the model dcseribcd below includes no cloud effects,
we have exchtdcd data in Figure 1 that were obtained during
periods when.the photolysis rate of NOZ was below 2 x 10-3
s-1. i.e. about20V0ofthenoontimeclearskyvahte[c.KPar-
rish et afw 1983]. ~p is not the best way to screen out dttta of
cloudy days bceause thu criterion is based on ordy the UV
flux measured at the site which may not always represent
gened sky eonditiotts amrately. Neverthel~ thw criterion
is useful for ?xcluding data from heavily, over-t skies. The
differettec between the morning and afternoon curves repre-
sents the net ddy ozone change. Execpt at very low NO@
there is a net increase in Oj during the day in summertime. It
will be shown later that most of the increase is due to phot~
chemid 03 production (see also Fehsenteld et al. [1983]);
Little or no such inmease is observed in wintertime.

MODELCALmLAmONS

The net daily ozone change, indimted below as Q, is the
result of the combined prmcsses responsible for ozone pro-
duction P, loss (including photochemical loss and surface dep
osition) L and transport T, .

Q= P-L+T (1)

where the units are parts per billion by volume (ppbv) of 03
per day. [n order to compare the observed Q to theoredc~l
prdtctions.modelcalculationsthatincludethedominantpro-
du~ion and loss proecsscs have been made. The dculations
use ambient conditions that are appropriate to Ntwot Rtdge.
The model is an extension of the box model described by Ltu
et al. [1980]. This model in its original form ~e~ects transport
and surfam deposition. The reaction rates have been updated
aeeording to the Jet Propulsiort hboratory [1985] recommen-
dations. Table 1 gives a list of the reactions and rate constants
included in the model. Reaction schemes for NMHCare
adopted from Atkinson et al. [1982] and Atkinson and Lloyd

[1984]. For natural NMHC the reactions of isoprene have
been included that are based on the reaction schemes devel-
oped by Lloyd et al. [1984]. To study the ineuence of NMHC
on the ozone production, the model calculations were made
first excluding then including the observed NMHC mixing
ratios.

The distributions of trace gases are controlled, at leastin
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part, by transport. Since the present model neglects the trans-
port processes, the concentrations of long-lived spccics that
are most sensitive to transport are fixed at their observed
values at this site. These include CH4, CO, HN03, and HZO.
Because there is significant photochemical production or loss,
the concentrations of NO=, NMHC, and 03 are fixed in. the
morning at sunrise each day and allowed to vary during the
course of the day. Other species are treated as prognostic
variables in the model. The mode! calculations are run
:hrough a su~cien! number of diurna! cyc!m to echicve :*eadY
state. For all speties of interes~ 5 days of integration are
suficient in summer: for winter conditions; 30 days cf integra-
tion are needed.

The starting value of the 03 mixing ratio in the model
calculations is set at 40 ppbv, which is representative of the
planetary boundary layer (PBL). The CH4 mixing ratio is
1600 ppbv. In the PBL, CO is scaled to NO= according to
concurrent measftrement of the two species at the site (P. D.

Goldan, private communication, 1986). The sca~ng gives
about 250 ppbv of CO at NO= level less than 0.5 ppbv and
about 750 ppbv of CO at. 10 ppbv of NO= The CO level a!
the low NOX level is probably lM% too high judged by
surface level.measurements made near this latitude [e.g., Hoe/l

ef al., ‘1985: Pratt and Falconer, 1979: Jutrge et al.. 197 I].

However, it will be shown that the difleren= in CO level has
little influence on the conclusions drawn from this study.

Since the photochemistry of 03 is strongly affected by the
concentrations of NMHC, it is important to define accurately
the abundanm of natural and anthropogenic hydro=rbons. In
general, anthropogenic hydrocarbons are transported to the
site from the Denver metropolitan area Greenberg and Zim-

merman [1984] measured most of the important anthropoge-
nic hydrocarbons and reported their average mixing ratios. In
our model calculations the mixing ratios of anthropogenic
hydrocarbons are determined as follows. First we assume that.
the concentrations of anthropogenic hydrocarbons are linearly
proportional to the concentration of NO= and their ratios are
determined from the average ~ahtes of hydrocarbons mea-
sured by Greenberg and Zimmerman [1984]. The summertime
average NO= is about 0.8 ppbv in the day [Williams et al.,
1984]. The anthropogenic NMHC mixing ratios included in
the model are 2.5. 1.5, 1.0, 0.5, and 0.2 ppbv for C2H6, C,&,
C4H10, C2H4, and C3H6, respectively. .These values are set to
be about 20% higher than the average valu~ of these speties
observed at this site in the summer by Greenberg and Zinrmer-

man [1984] in order to amount for hydrocarbons that are
measured by them but not included in the model.

The anthropogenic NMHC included in our model are prob-
ably slightly lower than the amount present at the site (P. R.
Zimmerman. private communication, 1986) because NMHC
with carbon number greater than 10 and oxygenated hydro-
carbons were not measured. In addition, the relative abun-
dance of anthropogenic NMHC will change with the age of
air mass due to differing rates of photochemical reactivities.
The mixing ratios of highly reactive sp”es should demease
faster than less reactive species. However, the linear scaling of
all anthropogenic NMHC with NO= does not allow for the
differentiation between NMHC with different lifetimes. This
tends to underestimate the reactivity of NMHC at high NO=
and to overestimate it at low NOX. However. since we are not
trying to simulate a specific event and there are substantial
unmrtainties in the photochemistry of NMHC, we believe that

this representation of the anthropogenic NMHC and their
photochemistry is adequate.

The average concentrations of the natural hydro~rbons at
about a height of 1 m measured at Niwot Ridge in. the
summer were 0.63 ppbv for isoprene and about 0.35 ppbv for
the terpenes [Greenberg and Zimmerman, 1984]. If these values
were characteristic of the total PBL. they WOUMhave a very
large impact on the photochemistry of 03 and odd hydrogen
speeies. However, a PBL model simulation [HODet al., 1983]

of the vertid distribtttion-s of terpens shows that under
normal summer atmospheric conditions the mixing ratios of
terpen~ demease sharply with height in the first 20 m of the
surface air. ~Is is b=attse the vertiml turbulent mixing is
inefitient near the surfae where the hydrocarbons are ,emit-
ted and they are rapidly destroyed photochemidly before
they have an oppo~unity to mix throughout the PBL. Hov et

al. [1983] dculated average mixing ratios of terpenes in the
PBL that are more than a factor of 5 lower than the surface
values. We have made a similar dculation for isoprene and
found a similar d~rease of mixing’ ratio with height (M.
Trainer et aL, Impact of natttti hydromrbons oh hydroxyl
and peroxy radi~ at a remote sitq submitted to Jowtral of
Geophysical Research 1983. Therefore the average mixing
ratio for isoprene and terpenes in the PBL should be about 0.1
and 0.05 ppbv, respectively. Sin% the photochemistry of ter-
penes is poorly known, we assume that dl natural hydro-
carbons are in the form of isoprene with a mixing ratio of 0.15
ppbv in the PBL and ne~i@ble above. At this level the natu-
ral hydrabons wrll increase the photochemid production
of 03 by about 20V0,a significant amount but well within the
unmrtainty of our model.

The HN03 conmntration is soled to NOP ~N03] -
0.3 ~Ox]. Because there is less HN03 than NO@ the conver-
sion of HN03 to NO= is ne~gible. Thus the conversion of
NO= to HN03 constitutes a rd sink for NOr Finally, NO=
and the anthropogenic hydrocarbons are assumed to be well
mixed in the PBL.

Solar insolation for Jtdy 21 conditions is assumed to repre-
sent the average summer value and Jan.q 21 insolation for
the average winter vdtre. The overhead 03 column density is
fixed at 313 Dobson units in the su’mmer and 333 Dobson
units in the winter [Dtitsch et afq 1970]. The ground albedo is
set at 100/O.The H20 level is fixed at 10/0in the summer and
0.33V0 in the w“nter. The temperature changes with lti time
as prescribed by observed mean values. Vdtres of photolysis
rate at noontime are fisted in the end of Table 1.

The surface deposition of tram gases in the PBL is included
in the model by adding a sink term that is eqrtd to the surfam
deposition velotity divided by the thickness of the PBL. For
ozone the choice of deposition velocity is of fundamental im-
portant% since the lifetime of tropospheric ozone can depend
on the rate that ozone is destroyed at the surface, &pecially in
the winter. During the summer an ozone surface deposition
velocity of 0.5 cm s -‘ [Aldaz, 1969: Gafbalfy und Roy, -1980:
.Wesely et al. 1981; Lenschow et al. 1982: Colbeck and Harris-

on, 1985] is used. The data are sparse on 03 deposition in the
winter. For snow the surface resistanm to O, uptake is large.
A value of 11 s a-‘ was observed by Colbeck and Harrison

[1985]. Gafbalfy and Roy [1980] reported a median value of
16scrn-’ with a great deal of variation, while Wesefy et al.

[198 1] reported a value of about 34 s em-1 with small vari-
ation. Wesefy [1983] estimated from their experiments that

—
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TABLE la. Reaction Rate ConstanK

Reaction Rate Constan[

0( ’D) + HZO:,20H

0( ’D) + CH6 - CH30Z+ OH

OH + CH~ : CH,02 + H20

0( ’D) + Ha ~ HO: +OH

OH + H: ,;2 HO: + H20

OH + CO - H02 + C02
0H+H024H20 +02 ~
OH+ O,~HO:+Oz
HOZ+ 03 ~ OH + 202
HOZ+ HO*- H:02 + Oz “

OH + H202-. HOZ+ H20
H02 + NO- NO: + OH
NO + 0,.- NO: +02
OH + HN03- H20+ NO,
NO, + NO- 2N02
N02 + O,- NO, + Oz
CH302 + H02-CH300H + 02
CH302+ CH,02- 2HOZ+ 2CH20

- CHZO + CH30H
CH300H + OH- CH30Z + HZO

-CH20 + OH + H20

CH302 + NoO; ,H02 + CHZO + N02

CH20 + 0~, + H02 + H20 + CO

OH+ NO ~ HN02
NO + N02 + HIO~ 2HNOZ .
q’D) + M- Q’P)
OH + H02NOZ+ products

OH+ C2H6 ~ $.2H~02 “

22 x 10-’0

1.4x 10-’0

24 x 10-12 Cxp(- 1710/m

. 1.0x 10-’0

6.i x 10-1: exp (-2C30/~

1.5 x 10.-” (1. + 0.6 ~atm))
(7+ 4 ~a:m)) 10-1’
1.6x !0-’2 exp (-9~/n
1.4 X 10-” CXP (-580/n
[1.9x 10-” ‘w exp(980/n+
U X 10-” CXP (620/n]
(1+ 1.4 x 10-2’ cxp (22W/n H20)” .

3.1 x 10-’2 exp (-187/n
3.7 x 10-’2 exp (240/n
1.8X 10-12 CXP (- 1370/~
~x;$;l” exp (778/~

1.2 x 10-’3 CXP (-2450/~
7.7 x 10-1’ exp (1300/n

(a) K = 1.6X 10-ls cXp(220/~
(b) K.= 0.38 K K* = 0.62 K
(a) K= 1 X 10-’1
(b) K,= 0.56 K Kb = 0.44 K

4.2 x 10-’2 exp (180/~

1 x 10-11

2 x 10-’2
6 X 10-3’
288 X 10-’; ‘
1.3x 10-’2 Cxp(380/n .

1.86x 10-11 exp (-1231/n

CzH~02 + N: = CH3CH0 + NOZ + HOZ

OH+ C3H8 - ~;H702

C,H702 + NO - CH3COCH3 + N02 + HOZ

OH+ C2HA~ C1~:OH02

CZH40HOZ ~,NO ~ 2CH20 + N02 + HO:

OH + C,H6 ~ C3~qOH02

C3H60HOZ + NO : CH20 + CH3CH0 + N02 + HOt
03 + C2H4- CH20 + 0.4CH202 +

0.4 CO + 0.1 HO.
03+ C3H6e 0.5cH jO + 6.SCH3CH0 +

0.2CH20Z + 0.2CH3CHOZ+
0.3C0 + 0.2H02 +
O.IOH + 0.2CH302

CH202 + NO+ N02.+ CH20
CH202 + N02- NO + CHZO
~;,~ ~ ~~b~~~~~ CH,O

CH;CfiOz + NO- N02 + CH3CH0
CH3CH01 + N02~ NO, + CH3CH0
CH,CH02 + S02- S0.2- + CH3CH0
CH3CH02 + Hz:; producs

OH + CH3CH0 - CH3C002 + H20
CH3C002 + NOz~ PAN
PAN- CH,COOZO: N02

CH3C002 + ~zO = CH”,02 + N02 + Coz

OH + C.H,O +O:H902

C.H902 + NO - 0.9N02 + 0.9HOZ
+ 0.6CH3CH0 + 0.1C2H~CH0
+ 0.5CH,COCZH3 + 0.1 nitrate

3.7 x 10-’2 exp (240/~

1.2 x 10-” exp (-679/fi

3.7 x 10-’2 exp (240/q

218 X 10-12 cXp(387/n

3.7 x 10- ‘z exp (240/~

4.1 x 10-12 exp (544/n

“3.7x 10-’2 exp (240/~
257 X 10-1’ cXp(-2828/n

7. x 10-lS exp (-1900/q

7 x 10-12
7 x 1O-’J
6.7 X 10-’*
3.3 x 10-’8
7 x 10-12
7 x lo-~~
6.7 X 10-14
3.3 x 10-’S

6.7 X 10- ‘2 CXp(250/n
4.77 x 10-’2
2 x 10-16 exp (- 13543/~.

3.7 X 10-12 CXp(240/~ .

1.76X 10-** eXp(-558/~
3.7 x 10-12 exp (240/n
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TABLE la. (continued)

Rcactiorr- Rate Constant

OH + CIH$CHO ~ C, H~COO, + H20 ~ ~ 1o-1:
CzH~C002 + N02+ PPN 4.77 x 10-!2
PPN - C2H~C002 + NO1 2. x 1016exp (– 13543/~

C2H~C002 + NO :0:-H~02 + N02 + C02 3.7 X 1o-” CXQ(240/~ %

Ori + CH1COC3H~ - ~2H.02COCH3 + H20 1 x 10-’: exp(-330/~

‘ CIH.OJ,COCH, + NO - NO; + CH3CH0 A CH,C002 3.7 x !O- 12 exp !Z~~~

N20~ ~ NO, + NO, 6.81 x 10-6 exp (-9884/~ .
(I+ M x 4 x 10-20 exp (951/~) M

NO, + N02 ; N205 KCq= 1.2 X 10-’7 exQ (11180/~

H02 + NO: @ H02N02 KCq= 233 X 10-27 CXP (10870/~

Units are CM6s-1 for termolecular reaction, CM3s.-’ for bmolalar reaction, and s- 1for uniznol~.
lar reaction.

●Kircher ad Sander [1984].

the surfa~ resistan~ for agricultural Ian& rangelan~ ‘and
nonforested wetland with snow to be about 30 s cm-1, i.e., a
deposition velocity of less than 0.03 cms-’. He dso estimated
(hat the surface resistan~. to 03 for forested areas in cold
weather is about 20 s cm-* for near-neutrrd and noctumrd

cues and about 3 s cm-‘ for daytime conditions. B&ed on
these measurements, we assume a daytime averaged O, depo-
sition velocity over continental areas in the winter to be 0.1
cm s-‘. At night the deposition velotity of 03 and other
spcties is assumed to be negligible kuse the formation of a
nocturnal inversion layer prevents e~tient mixing to the sur-
face.

The deposition velotity for N02 measured over various sur-
faces under, summer conditions ranges from 0.3 to 0.8 ~ S- 1,

while the value for NO is much lower [Rogers et af. 1977;

Judeikis and Wren, 1978: Bottger et al., 1978; Wesely et dq

1982]. We assume.a daytime value of 0.4 m s-t for NO= in
our model. There are few data on the deposition velotity of
NOX. in winter conditions. This will be discussed in more
detail later.

For other speeies that ean be signifi=ntly removed from the
atmosphere by surface depositio~ no seasonal adjustments
are made. A daytime deposition velotity of 1 ms - t is adopt-
ed for HN03 [Huebert and Ro6ert, 1985]. In the absence of.
published results we arbitrarily assumed daytime deposition
velocities for several key secondary reaction products, 0.5 em

s-‘ for H202 and CH300H and 0.1 cms- t for the ddehyd~
and ketones. These deposition velocities are low enough that

they do not have signifimnt impact on the outcomes of the
model.

Although explicit tra;sport is neglwted in the model dcu-
Iations, the dilution effmt of trae g~es in the PBL due to the
rise of the top of the PBL (i.e., the inversion hei@t) during
daytime in summer is included as follows. The rise of the
height of the top of the PBL in the day used in the calculation
is identid to that described by Kainraf et al. [1976]. Above
the PBL, the mixing ratios of tram gases are surned to be
those of clean continental air: 40 .ppbv 03, 0.01 ppbv NO=
200 ppbv CO, and 1600 ppbv CH4. The mixing ratios of
NMHC and their semndary products such as ddehydes and

‘ketones, unless noted otherwis~ are assumed to be ne~gibly
small above the PBL comparti to those in the PBL nUS,
when the top of the PBL rises in the day, tram gases ifi the
PB~ are diluted by the clears air above the PBL Horizontal
dilution is not included in the ~lculatio~ but its effmt will be
discussed later. Dilution effects are not included in the model
maculations for winter conditions.’

COMPAmN oF CALcumnoN AND MMu=wm

In Figure 2 the =Iculated and measured values of Q are
shown for summer conditions. The measured values are the
afternoon 03 values from Figure la minus the morning
values. The mlculated values represent two mes of the model.

TABLE lc. PhotoIysis Rates

Reaction Rate

TABLE lb. Tcrmolecular Reactions

Reaction Rate Constant

OH + N02 + M- HNO, KoJOo= L6 x 10-JO, n = 3.2
K=’oo = 24 X lo-it. ~ = 1.3

H02 + N02 + ,M- H02N02 Ko’oO = 2.3 X lo-J1, n = 4.6
K~’oO = 4.2X Io-ll,m=0.

K= ( K.(V )1 + Ko(~[M]/K=(T)
0.611*[lW,.(K.lTHMUK=(n)]ll-t

KO(T) = Ko’00(T:300)-”

K .(T) = K= ‘oo(T:300)-”

Units arc cm6 s1.[.M] air density (mo[ecules/cm’).

(RI) 03 +hv-QID) + Oz 295 x 10-~
(R2) N02 + hv~NO +0 9.30 x 1O-J
(R3Y H102 +hv-2 X OH 1.07x 10-s
(R4) HN03 + h,+ OH + N02
(R5a)

8.4 X.10-7
CH20 + hv- 2 x H02 + co 153 x 10-s

(R5b) CH20 +hv_H2 +0 5.56 X 10-s
(R6) NO, +hv-N02+o 7.32 X 10-2
(R7) N,O, + h, - Noz + No, 3.35 x 10-~
(R8) HN02 + h,- OH + No 1.86x 1O-J
(R9) H02N02 + hr- H02 + N02
(R1O)

8.0 X 10-s
CH3CH0 + h, _ CH302 + Hoz + CO 3.7 x 10-6

(Rll) CH,00H + h,- CH,O + OH + HO,
(R12) RCHO + h,- C2H~02 + CO + Hoz

jl, =0.7xj,
jll =jIo

(R13) IMEK+ hv - CH,C03 + C2H302 j,3 =j~a

Units arc s-‘. Calculalcd for clear sky conditions. zenith
angle = 21”. column 03 = 313 Dobson units, surface at 3 km and
albcdo = 0.1.

.— _.— —
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fig Z Modeldculatcd daytime ch;ngc in omne (from sunrise

to4630 MSTt for the summer clear sky conditions is compared to the
observed difference between the aftcmoon (1-1900 MSn and
morning (07@l 100 MSn for clar sky conditions. The dashed tine is
calculated from a model without NMHC. The $haded area represents
calculated values from a model with anthropogenic NMHC. The
!owcr envelope of the shaded area is calculated by assuming no over-
night retention of secondary hydrocarbons (NMHC-PO), while the
upper envelope assumes buiIdup of secondary hydrocarbons to their
steady state values(NMHC-FO).

The dashed finG which we.will refer to as the CO-CHC me, is
the model dctdation without NMHC. The shaded area
bounded by the sotid lines repr~ents the possible range of Q
obtained by including the effwts of NMHC in the model d-
culation. The lower solid fine represents the model dctdation
where the diurnaf change in the planetary boundary layer
dilutes the secondary hydrocarbon products, e.~ ddehydes

. and ketones. Thus th~e compounds do not amumulate suf-
ficiently to influenee the photochemistry. Thii fitnit will be
referred to as the NMHC partiaf oxidation (NMHC-PO) case.
The upper solid line is dculatcd assuming that the tram
gases are not diluted by the change of the height of PBL An
example for this may. be found in” a stagnant anticyclonic
system where the tra~ gases in the” afternoon PBL are riot
dispersed during the night when the notiumd inversion layer
is formed. These tra~ gases will & mixed down the following
morning after the inversion layer breaks down. In th~ -e the
secondary hydr~bons @P amumulate over several days.
Here the seeondary hydromrbon products amumulate to their
steady state values in 2-3 days, thus exerting their maximum
influen~ on’ 03 production. ~is limit will be referred to as
the NMHC full oxidation (NMHC-FO) me.

In the CO-CH. case, ozone production is a by-product of
the catalytic oxidation of CO and CH4 by NO= and odd
hydrogen radimls. For CO this cycle is given by

CO+0H+02+C02+ HO* (2)

NO+ H02~ N02 + OH (3)

N02+hv+02~N0 +03 (4)

Net co+hv+20z4c02 +03 (5)

CH. can play a role similar to that of CO but at a smaller
rate. In addition. depending on the ambient conditions (for

example, NO,, mixing ratio) and the detailed photochemiml
processes assumed. CH. can be a small sour~ or sink for
hydrogen radimls.

The ~timated uncertainty in Q predicted by the model for
the CO-CH4 case is ~50V0. Considering both the unwrtairrty
in the model prediction and the variability of the measure.
ments for elevated NO. levels, the CQ-CH4 case underpre-
dicts the value of Q dedumd from observations at the sitq
.fhis dismepency is caused by tile reaction of NOZ with OH to
iorm nitric acid. At iligher ?<GX Icvcls this procm mpid!y
depletes the odd hydrogen radicak and s!rort~y suppresses
the photochemistry.

The inclusion of NMHC substantially rdters the predicted Q
at higher NO. levels. This process =n be represented by the
simplified scheme

NMHC + OH + 02~ R02 (q

R02 + NO + 02~ N02 + H02 + CARB (q

HOZ + NO+ NOZ + OH (3)

~N02 +hv+O,~NO +03) “ (4)

Net NMHC + 402 + hV+ 203 + CARB , (8)

where R stands for hydromrbon radid and CARB denotes
carbonyl compounds. Reaction (8) shows that two O, molc-
ctrlcs are produmd for every NMHC oxidtid. In additiom the
carbonyl compounds may undergo further photoehetrdcaf
reactions which will restdt in a significant net gain of hy-
drogen radids and, in turn, produm more 03. The shaded
area in Figure 2 @ be interpreted as representing theuncer-
tainty due to various Iev.elsof amumulation of wbonyl com-
pounds in the PBL.

The sensitivity of the 03 production P to unmrtttinti= in
the NMHC concentrations has been tested by changing these ,
concentrations in the model. When NO= is less than 4 ppbv,
the sensitivity is relatively small: for exampIe, a factor of 2
change in NMHC concentrations results in 1sss than a 3070
change in the 03 production. The change irtmeases to 500/0at
6.5 ppbv of NO=. The limitations implidt in the use of the
simple relation to deduce the NMHC concentrations coupled
with the lack of understanding of the photochemistry of
NMHC are the two largest sources of uncertainty in this
model. We estimate the unmrtainty in the model-predicted Q,
including the effects of NMHC, to be approximately a factor
of 1.5 below 1 ppbv of NO= a factor of 2 for NO= levels
between 1 ppbv and 5 ppbv, and a factor of 3 for NO. levels
above 5 ppbv.

In comparing the model predictions with measurements one
has to note that the measurement site at Nlwot Ridge is sig-
nificantly influenmd by a single sourm of anthropogcnic emis-
sions. Since the transport time from this source to the site is
less than 1 day, the secondary reaction products of hydro-
carbon oxidation cannot amurntrlate in the sampled air
masses. Consequently, the measured Q should be compared to
values near the bottom of the shaded area of the model calcu-

lation. i.e., the NMHC-PO ase. Although the model calcu-

lated values of Q lie above the measured values, the differences
between predicted and measured Q values are well within the
estimated uncertainty except for NO= levels below I ppbv.
Below 1 ppbv of NOX, model calculations with or without
NMHC overestimate the 03 increase by a factor of 2. [t is
suspected that the model calculations are overestimating odd
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NOX (ppbV)

Fig. 3. The valuesof ozone production per unit NO=per say. AP.
from the NMHC-FO model are ~lotted as a function of NO- mixinz.
ralias. A constant NMHC to NO= ratio is assumed: see text fo;
detail. The solid line @ves summer values.The dashed line gives the
winter values mrsltiphedby 10.

*hydrogen radical concentrations. This has been recognized
previously [Roberts et al.. 1984: Parrish et al., 1986b], but the
causes of this overestimation have not been established.

A clear feature that emerges from Figure 2 is the nonlinear
character of Q as a function of NO= level..Th~ is evident in
both the observed ozone mixing ratios and the calculations
that include the NMHC. It is less pronounced for the calcula-
tion with the accumulation of secondary hydrocarbons. ~Ls is
expected because the production of H02 and R02 radicals
from secondary hydrocarbons compensates the increased loss
of OH radicals due to their reaction with N02 at higher levels
of NOr

Dilution due to horizontal transport will have a similar
effect as vertical dilution. Namely, its major effect is to prevent
the accumulation of seconda~ hydrocarbons.

In the winterdata(Figurelb) the afternoon average 03
concentrations are slightly higher than the morning values,
but the difference may not be statistically significant. Thii may
be simply due to the rise of the inversion layer in the daytime
and the mixing of upper level 03 down irito the PBL. The
ptiotochemieal production and loss rates of 03 are so small

that the 03 distribution is controlled by transpor~ Therefore
quantitative comparison of the observed daytime 03 change
at this site with our simple model that does not incorporate
reafistic transport processes is not meaningful.

COMPARISON W[w Omm OW~VAnONS

It has ben shown that the summer ozone observations at
Niwot Ridge can be reasonably well matched by model-
predicted diurnal ozone profiles that are chosen to simulate
physical parameters and chemical species concentrations ob-
served at Niwot Ridge. In this section the data and model
calculations are compared to simultaneous O,-NOx observa-
tions made in the summer at other sit~ in the Unitd States.,

At present, there are few published reports of simultaneous
measurements of NO= and 03 at rural sites with sufficient
amounts of data to estimate the value of Q. Kelfy et af.
[1984a] observed NO= and 03 at three sit= located in South
Dakota, Louisian% and Virginia. The average mixing ratio of
NO= at these sites was 2.9 ppbv. and the inferred Q was 17
ppbv 03. At Niwot Ridge including all sky conditions, the 03
increase corresponding to an NO= level of 2.9 ppbv was ap-
proximately 25 ppbv, i.e., about 50~0 greater than the value
observed by Kelly et al. [1984a]. This d[fferenee ean be ex-
plained by the altitude difference of the sites. Our station is at

3 km altitude where the 03 production ej~eiency is estimated
to be about 40°A higher than at sea level due to the larger
photolysis rates of 03 that lead to the production of qlD)
and henee to OH radicals.

Research Triangle Institute [1975] made meastsremen~ of
03 and its precursors at five rural stations in the summer of

. [974. The mean N02 mixing ratios at these”stations are simi-
lar to each other, ranging from 3 ppbv to about 5 ppbv in the
afternoon. P-ssuming thzt NO k about 1/3 of NC2 [n’i//im-

et 0/.. 1984], NOX m.iy.irg rs!i~ :sng:p.g fr~~. ~ :C ? pp~; ~~~

derived. The m=n diurnal 02 distributions reported have es-
sentially the same shape &Qthat at cur station. With the ex-
ception of one station, McHenry, tne daytime 03 increase Q is
about 47 ppbv. (The McHenry station in the state of Mary- .
land has an elevation of 884 m abo-:e sea level. Its observed
daily incr~e in 03 is only about 20 ppbv, while the after-
noon NO= is relatively htgh at about 7 ppbv. Research Triarr-

gle fnstitute [197~ did not find any obvious ~use for the low
03 buildup at McHenry but noticed that the 03 buildup had
been 50V0higher in the previous summer. For this reason, the
data from the McHenry site are excluded from the present
discussion.) This Q value after correction for elevation and
cloud cover is compatible with the Q values inferred from the
Kelly et u1. [1984a] measurements and the value dedueed for
Niwot Ridge from Figure i.

In comparing these data the limitation of present
NOx-meaauring techniques should be recognized. We present-
ly know that N02 to NO surface conversion techniques used
in most chemihtminescence deteetors can rdso convert organic
nitrates, e.g. peroxyacctyl nitrate (PA~, and in some eases
HN03 to NO ~Kelly et al. 1984b: Grosjean and Harriso~
19S5; F. C. Fehsenfeld et d. A ground-based intercompatison
of NO, NO=, and NOF measurement techniques, sub@tted to
Journal of Geophysical Researck 198~. Acwrdingly, NO= as ,
measured by these instruments is an upper limit Depending
on the air masses sampled during the summer, the measure-
ment east overestimate the NO= concentration by a factor as
large as 3 [Fahey et a[. 1986]. Thus the value of Q estimated
above for the data of Kelly ec al. [1984a] and Research Trian-
gle Insriture [1975] may actually correspond to lower NOX
levels.

NONLINEAR[mIN OZONEPRODUmON

One of the important observations that has been made con-
cerning the net daily ozone change Q is the notdinear relation-
ship between Q and [NOX]. Both, calculations and measure
ments, indicate that Q increases with NO= more rapidly at low
concentrations of NO=. Stnce loss and transyrt of 03, L
and T in equation (1), are almost independent of NOfi the
nonlinear dependence in Q is associated with the variation in
photochemieal production P with NOr This effect can-be seen
clearly in Figure 3, which shows a plot of the calculated

(9)

versus [NOX]. The quantity AP is the average daily ozone

production’per unit concentration of NOX fi.e., ppbv 03 per
ppbv NO= per day). The two curves in Figure 3 show AP for
typical summer and winter conditions as calculated by the
NM HC-FO model. The dependence of AP on the NO= level is
very similar for the two seasons with the summer values ap-
proximately a factor of 10 larger, reflecting the higher photo-

—
—
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chemical activity in the summer, Beeause the shape of the
seasonal curves for AP are similar, the following mmments
that are made for the summertime variation in AP with NO=
are also applicable to the wintertime ease.

Our model ealctdation predicts, for NOX levels below 500
pptv, that AP is independent of the NO= level. fie fincar
dependenm of Q on NOX at low levels of NO= is observed in
all model conditions that have been run (cf. Figure 2) and is
also observed in summertime ozone measurements at Nlwot
Wdge. Between 0.5 and 5 pphvofNOA,however,AP daeases
with inmeasing NO= Ievek. A~ording to the NMHC-FO d-
culation, AP deereascs by a factor of 4 between 0.5 and 5 ppbv
of NOX (s& Figure 3). Above 5 ppbv of NO~ the NMHC-FO
ease indicates that AP bmes less dependent on NOr How-
ever, the other model cases show a sharper dec~ie in AP for
~OX] > 1,ppbv. me sharper decline is dso observed in the
measurements at Nlwot Ridge (cf. Figure 2) and elsewhere
[Research Triangle Institute, 197~. However, at NOX levels
above 5 ppbv the continued rapid deerease in the observed AP
may be due to the short residence time of NO= and NMHC in
the atmosphere. Under these conditions, NO= and NMHC are
not able to reach full 0,-produting potentiaf.

me d~line in AP for NOX >1 ppbv is consistent with the
findings of photochemid smog models [e.%, U.S. Environnten-

tal Protection Agency (EPA), 1977; Hov and Derwent, 1981:
Costanza and Seinteld, 1982; Sakanraki et al. 1982: Altshuller,
1986]. nose models are usually intended for ambient NO=
and NMHC levels substantitiy higher thm the present study.
~us the ratio of NMHC to NO= and the .rnixture of NMHC
in the smog modek are signifiatiy dlfferenL Aarding to
our modefing study and the smog modek thedegree of non-
linearity is a function of the ratio of NMHC to NO= and the
relative abund~= of various NMHC.

me higher value of AP at lower NOX suggests that the
dilution of NO= and NMHC by atmospheric turbdenm and
advcction will enhanm the efficiency of 03 produaiom This
phenomenon may have important imptiations for the @obaf
and regional tropospheric 03 budgets. Previously, many one-
dimensiond, as well as twodlmensiona modekg studies
have negleetcd the nordinearity effeet in evaluating the ~obd
budget of 03 due to anthropogenic NO= emissions [e.g. Liw
1977; Fishnum et al., 1979: Chanreides and Ta& 1981; Crut:en

and Gidel, 1983]. In these eartier studies, NO= emissions were
assumed to’ be dispersed over domains that arc much greater
than the real domain of emissions. Because of the nordinearity ’
in ozone production th~ approach results in a signifi=nt
overestimation in the 03 produmd by anthropogenic NO.
emissions.

mGIONAL Ozom PRODUaON

For a given region the ozone production eotrld be obtained
by integration of P. For a particular region of interes~ how-
ever, the spatial and temporal distribution of the NO= mixing
ratio is not likely to be available. However, if the region is
large enough, the NO= em~lon into and removal from the
atmosphere will oatrr primarily within its boundary, and 03
produc~on can be approximated by

S= EZAP (lo)

where S is the total Oj produced due to the NO= emission E
within the region, z den,otes the NO= lifetime. and AP is the
daily 03 production per ppbv of NO~

Equation (10) can be viewd in two ways. FirsL the product
Et is equal to the total number of NO= molecules wi~hin the “
region. Sinw AP isthe 03 production per unit NO= per unit
time, the final product is 03 production per unit time. Alter.
natively the product, 7 AP ean be rewritten,

()P P

‘M=7 ~o=] ‘—LINOX] c
(11)

where L is the rats of loss of NO=. ~M r AP is equal to the
number of 05 mol~ules pmdumd for each NO= moleeule.
destroyed In steady statethisequti the number of 03 mole-
cules produced for eaeh NO= moleetrle emitted. me total 03
production S is obtained by mdtiplying c AP by the emission
rate. In both approaches, r and AP are assumed to be con-
stant for each season in the region of interest over the lifetime
of NOr

Even though equation (10) relat= the 03 production to
NO= lifetime, this is not intended to imply that NOX done is
the rate fimiting precusor of 03. Bceause in our calculations
anthropogenic NMHC are assumed to be proportioned to the
NO= con~ntration. in our ddations, equation (10) conttdm
NMHC impfitity. Profles sifiar to those in Figure 3 and an
equation equivalent to equation (10) could be generated for
NMHC.

Equation (10) provid~ art important insight into evaluating
the relative importanm of CO bd CHZ versus NMHC in the
production of 03 from anthropogenic NOr Most 03 is pro-
duced when the anthropogenic NOX is within its first two
tifetime periods after emission ~n the summer 1-2 days
[Chang et al., 1979]). Since the m~ian rural NO= level in the
eastern United States is about 6.6 ~pbv [Mueller and Hidy,
1983], our model shows that NMHC are essentird in produc-
ing OY Without NMHC the 03 production would be reduecd
by a fatior of 5. In the deulation with NMHC the 03 pro- ,
duction rate is csscntidly independent of the amount of CO
preserrL implying a very smal! contribution for CO and CH4.
In facL the only way that substantial 03 can be produced
from the interaction of CO and CH4 with anthropogenic NO=
is for a substantial amount of NOX to be transported to the
remote troposphere before it is removed from the atmosphere
PAN, which is a produti of NMHC reactions and serves as a
tempora~ reservoir and carrier for NO= [Singh et al., 198~,

mn act as’ an agent’ to export anthropogenic NO= to the
remote troposphere? It is clear that the production of 03 from
the interaction of CO and CH4 with anthropogenic NO= de-
pends eriticdly on photochemistry and tiansport and is close-
ly connected with NMHC. Previous estimates of the 03 pro-
duction that ne#ect the effect of NMHC are probably incor-
recL

For the present approximation we assume that the NO=
lifetime r in summer is determined during the day by the
reaction of N02 with OH followed by rapid deposition of
HN03:

OH + N02 ~ HN03 (12)

and at night by the reactions

NOZ + O,- NO, + 02 (13)
M

NO, + N02 + N205 (14)

followed by the conversion of NO, and NZO$ to HNO, on
aerosols [Noxon, 1983; Platt et al., 1984] or in the gas phase
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TABLE 2. Comparison of 0, Production Parameters for Winter
and Summer Conditions as Calculated From the NMHC-FO Model

at Sea Levelat 40:N Latitude With Clear Sky Conditions*

NOX. AP.* T(NOX), AP X dNOx),[OH],do,).
Ppbvseason[0,1/[NO.l days [03]/[NO=] cm-’ days

0.1 summer 47 . 1.2 58.3 1.0E6 12
winter 4.6 13 59.5 0.8E5 180

0.65 summer 43 0.6 ‘ 25.7 ~.oE6 g
winter .5 4.5 ~~7 1.9E3 102

1.S summer 39 0 A~ 166 ? 5F~ 7
winter 4.1 3.7 15 ZOE5 68

4 summer 29 ~ 0.4 11.6 L6E6 6
winter 2.7 4 10.5 L7E5 39

10 summer 20 0.4s 9.1 22E6 4.5
winter 1.9. 4.3 8.4 1.5E5 21

Read LOE6as LO; 106.All valuesare diu’mallyaveraged.
●OJ moleculesproduced per NO=moleculeper day.

~Morris and Niki, 1974; No.~~n, 1983; Atkinson et al~ 1<84;
Platt et al.. 1984]. The nighttime sinks for N02 are somewhat
un~rtain due to our lack of understanding of the detaik of
the conversion mechanisms for NO, and N20~ to HN03.The
upper limit of these nightime sinks is. the tot~ removal of
N20~, which is equal to twim the rate of reaction (13), remov-
ing two NO, molecules at a time. Because of the dificulty in
the quantitative treatment of the nightime sink, in the’ follow-
ing discussions the nightime sink will be ne@wted udess
noted otherwise.

The calculated lifetime of NOX in the summer is conse-
quently determined primarily by reaction (12) and thus de.

. pertds on the .OH concentration. The OH cortcentratiom in
‘turn, is determined by, the. mixing ratios of NOfi NMH~
water vapor. and CO. Table 2 gives a list of the OH con-
centrations and NO= lifetimes calculated by the model for
summer and winter seasons as a function of NO= mixing ratio
at sea level for clear sky conditions. It is well known that the
OH concentration and r. depend directly on the solar UV
intensity and thus on season and/or cloud’cover. However, the
dependence of AP on solar UV intensity is equal in magnitude
but opposite in sign to that of r. Hen= the product APr and
therefore S are essentially independent of semen. tikefi~ $
is independent of cloud cover. In the same way, S deduced
from NMHC-FO model has nearly the same value as theone
deduced from the NMHC-PO model. For exampIe, the dcu-
Iated AP at 10.ppbv NO= in the summer is 22 ppbv 03 per
ppbv NO= per day for the NMHC-FO case and 125 for the
NM HC-PO case. while the value of r is 0.45 day for the
former and 0.72 day for the latter. Thus, although both AP
and r are each subject to unmrtainties of the order of a factor
of 3 depending on the atmospheric chemial composition and
the uncertainties in the attendant odd hydrogen radical chem-
istry, because of the conjugate relationship between AP and t,
the uncertainty in S is no larger than a factor of Z

As discussed above, equation (10) may also be written for
NMHC if they are the rate-limiting precursor for 03. It =n be
shown that the seasonal invariance of 0, production suggest-
ed by Table 2 will not change using this approach. For sim~
plicity of discussion, let us assume that a surrogate hydro-
carbon can be used to represent all the NMHC. Then the total

sink of the hydrocarbon woul(i probably be the reaction with
OH. the seasonal variation of S. assuming hydromrbns to ~
the independent variable. would be the same as that shown in
Table 2.

On the other hand. from the change of the product APT
with NO= levels shown in Table 2. we note that both AP and r
decreae with increasing NOX. The value of this product ss a
function of NOX level is plotted in Figure 4. This enh~~ the
,lotdinear effect desct ibed pt eviously and increases the “untir-

-:.-.:. ,. .-1..--:-.t~;al:y in our SIMPI1=LI-b rU:UUtIbII G; t~,~ 03 Pr*dC~;G.1. :.i itte

following discussion, regional ozone production will. be
derived using an approximate va:ue of r AP from Figure 4
compatible with the assumed regional NO= distnbutiom This
provides a useful qualitative estimate for regional ozone pro-
duction. Models that incorporate rea~itic transport and
photochemical processes are needed to evaluate this pro-
duction amurately.

OZONEPRODUmON INmE UNm STAm
t~ SUM.\lER

[n this section, equation (10) will be used to estimate ozone
production for the United States in the summer season from
anthropogenic and natural NO= sour=. [n order to dctdate
S for anthropogenic and natural NO= emkion we choose an
average NO= level of the United States that is appropriate to
each NO= emission and then choose values for “z AP corre-
sponding to each level (cf. Figure 4). The”’NO= l~vek in the
United States cats largely be attributed to anthropogetic
sour=. A majority of the anthropogetic NO= is emitted in .
the eastern United States. In this region the median rud NO=
level is observed to be about 6.6 ppbv [Martinez and Sing~

1979: Ferman et al. 1981; Shaw and Paur, 1983; Mueller and

Hid-v, 1983]. In other areas of the United States the median
NO= levels are lower. For these levek we assume that ,
raAPa = 10 ozone molmules formed for each NO= emitted.
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Fig 4. The values of ozone “molcculm produd per NO= mol-
03 produced. S. would b~ equal to the product of the emission ecule dcstroyd due to OH reaction with N02, APr. from the

NMHC-FO model are plotted as a function of NOXmixing ratios.rate of this hydrocarbon, its lifetime, and the daily 0, pro- ~e solid line gives summer vaIues. and ihc dashd [inc @vcs winter
duction rate per ppbv of the hydrwarbon. Since the major values.
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The anthropogenic emission rate E. is 6 x 10IZ g N yr - 1 in
1980 (Logan [1983], following U.S. EPA [1982]) with little
seasonal variability. The subscripts .’a” and “n” are used to
denote values derived from anthropogenic and natural NO=
emissions, respectively.

Using the values derived above for E., and r AP. equation
(10) yields

Sa=sxlo”g

tor 03 produced irum ~nthrapGgctic ?!CX scu:cs in the
United States in the three summer months. Assuming the 03
production to be uniform Ovei the area of the United States
for the summer months yields an average column 03 pro-
duction rate of 1 x 10’Z CM-2s- 1.

To estimate the production of ozone from natural sources,
the NO= levels attributable to natural NO= emissions must be
determined. This, is equivalent to calculating S“ for the prein-
dustrial era. Natural NOX emissions are smder than anthro-
pogerdc NO= sources [Logs% 1983] and are more diffuse.
Typical NO= levels over the continen~l Unitd stat= attribu-
table to natural NO. emissions woufd be 0.5 ppbv or less. The
measurement of NO= in rural and remote areas supports th~
limit [McFarland et al., 1979: Schiff et alq 1979; Kley et al.,
1981; Helas and Warneck. 1981: Willia~ et al., 1984; Ridley

et al., 198~. For[NO.]sO.sppbvwechoose7.AP. = 32 for
ozone molecules produced per NO= molecule emitted from
natural sour=. Thus, in the preindustrial United States natu-
ral NO= was about 3 times as eficient in producing ozone as
anthropogenic NOX emission is at present.

NOX has a variety of natural sourms including soil emis-
7
w I sions, Iightnin% and stratospheric subsidence [Lagam 1983].

N
~ Biogenic NO emissions from soils are estimated to range from

s I x 109 to 2 x 1o1o cm-z S- 1 in the summer, with average of
~w about 3 x 109 cm-2 s -1 [Ga/bal/y and Roy, 1978; Slenrr and
z
g Seiler, 1984; Williams et al., 1985]. The average 03 produud

from this NO flux is estimated to be 1 x 1011 CM-2 S-l. A
&
,t range of O.S x 1011 to 2 x 1011 cm-z S-* “is obtained by

c
adopting the uncertainty ranges of NO= emissions given by
Logan [1983]. NO= production from lightning is estimated to
be between 0.07 x 1012and 0.7 x 10IZ g N yr - Lin the United
States [Lagam 1983: Albritton et afi 1984]. Assuming that it is
uniformly distributed-and that roughly 500/0of total emissions
occur in summer [Turman and Edgar, 1982], a range of ’7.6
x ~OIO to 7.6 x 1o11 ~-z S-L iS obtained for 03 pro-

duction. NO= emissions from biomass burning in the United
“States are about 0.05 x 1012 to 0.15 x 1012 g N yr- 1, mostly
from forest fires [Seiler and Cruczen, 1980; Logam 1983]. As-
suming even distribution and no seasonal variation, this
would give a range of 27 x 1010 to 8.2 .x 1010 CM-2 s-l. of
03 produced in the summer. When combined, the value of S~
dedumd from these natural photochemical sources ranges
from a low of about 1.5 x 1011to as high as 10 x 10!l cm-z
s-1, averaged over the United States in the summer. In addi-
tion, there is a significant addition of ozone to the troposphere
from the stratosphere. The average cross-tropopause 03 flux
is estimated to be 5 x 1010cm-2 s-1 [Danielsen and Mohnen,

1977; Mahlman er al., 1980]. Therefore, in the summer the
sum of the 03 generated from natural NO= and the direct 03
flux from the stratosphere on average is substantially smaller
than the anthropogenic 03 source in the United States.

In comparing natural ozone production with anthropogenic
ozone production in the United States the simplified picture

presented here overlooks several factors that cart potentially
influence the results. First, it should bC noted that the same
CO mixing ratios were used to calculate Smand S.. However,
CO mixing ratios were probably 50% lower over the United
States in the preindusttid er~ A 50V0 reduction in the CO
mixing ratio would result in a 30~o reduction in Sm.Second,
the distribution of NO. source must be taken into account.
For example, a substantial amount of the NOX from lightning
is generated in the upper, troposphere where the eflective NOX
~fetime ~-ay k ci-mifi~ntly longer than the lifetime in the

lower troposphere. This is due to reduced scavenging of
HN03 and regeneration of NO= from HN03 [Lfu ec al. 1980,
1983] at higher elevations. As a resul~ 03 production due to
NOX from tightning and the stratosphere could be substan-
tially greater than the presented estimate indicaiea.

tikewise, depending.on the eKects of dilution by transport
and inhomogenietics in emtilons, the ozone production” from
anthropogenic NO= sources may vary substantidy from
region to region in the United States. The average vnhte pre-
sented above would suggest that S. is approximately twice S,.
However, in the centrrd and eastern United States, with
average NO= of about 7 ppbv as dlscusscd above, the 03
doubting time is less than a hdf day in the boundary layer. In
thw case the effect of transport is relatively smd, and the
increase of 03 concentration due to anthropogenic emissions
is probably greater than the ratio of the 03 sour= derived
above. Thus in the central and eastern United States, human
activiti= probably contribute at least 5N0% of the 03 in the
summer. This conclusion is consistent with the elevated 03
Ievek observed over large areas in the central and emtem
United States [Research Triangle fnstitute, 1975: Vukoufch et

al. 1977, 1985; Cleveland et al- 1977; Spfceret al. 1979: Wol&
and Lioy, 1980; Fehse#eld et al. 1983; Kelly et alw 1984a]. A
simtiar situation appears to exist for western Europe [Cox et
al., 1975; Guicherit and Van Dop, 1977; Hou, 1984]. ,

OZONEPRODUmON IN mE NOR-N ~mtrsP-

[n the preceding section the summer ozone production in
the United States associated with natural and anthropogenic
NO= emissions was estimated. The estimation of 03 pro-
duction on a re~onal level is satisfactory for the summer
when the NO= Iiietime is shorn In this casG ozone production
in and near the region is largely associated with NO= emitted
within the region. This approach is not adequate for the
United States in the winter. In winter: NO= emitted in the
United States cam during its fifetime (cf. Table 2), be trans-
ported well beyond the boundaries of the United Stat~. In
this case, equation (10) can still be used to estimate ozone
formation but over a significantly larger area. In this section
the ozone production associated with anthropogenic NOX
emissions will be compared to that due to natural emissions
for the northern hemisphere (NH).

To do that, the model estimates for AP obtained from this ‘
study which are based on measurements made in rural lo-
cations in the U’nited States are extrapolated to deduce ozone
production=in other areas of the world. Sin~ the ambient”
conditions in such areas may have a substantially different
mix of NMHC and NO= in comparison with the rural United
States, the AP calculated for these areas maybe inaccurate, Of
particular concern are estimates of AP for the forested regions
of the tropics and subtropics where natural sou~ccs dominate
the emissions of NMHC [cf. Greenberg and Zimmerman, 1984]
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and NO. [cf. Turmatt and Edgar. 1982: Slemr and Seiler, 1984;
Gulbal/y’-and Roy. 1978]. Even in the mid-latitudes, compo-
sition and/or levels may be quite different fro’m that used to
deduce AP above. On the other hand. the use of these results
to estimate ozone production in relatively clean oceanic areas
should be reasonably accurate since the observed con-
centrations of NMHC are small [Rudolph and Ehha/t, 1981:

Eic/fmann et al., 1979, 1980], as assumed in the model. The
. .

extrapolations m the followirtg may be spestulctive: however,
they provide a pe:spec!ivs OR :5s -1-~-I ----- L..A--+ *L-.w“ -. -~”,~- “--5-. $~~-+

would otherwise be unavailable.
Ugun [1983] estimated the gfobal budget of NO~ The four

largest sources are fossil fuel combustion, biomass burning,
lightning, and biogenic emissions with gfobal source strengths
of 21 (1428), 12 (&24), 8 (2-12), and 8 (&16) in units of 1012
g N yr-’, respectively, with the numbers in parentheses indi-
cating the uncertainty. These sources are essentially land
so’urces and mostly occur near the surface. Other soukces in”
the lower troposphere are insignificant by comparison. Bio-
mass burning is mostly of anthropogenic origin [Seiler and
Crutzen, 1980]. Therefore. globally, the emissions from an-
thropogenic sources are probably more than twice as large as
the natural emissions.

Seasonal variations of natural NO. sources are quite differ-
ent from the anthropogenic’ sources. Turman and Edgar
[1982] reported the seasonal variation of the lightning trigger
occurrence at dawn and dusk. [n the NH, about 40V0 of the
lightning triggers occur in the summer versus only about 574
in the winter. Biogen”ic NO= emission from soifs ako pe~
strongly in the summer, as observations [Sfemr and Seiler,
1983: Williams et al., 1985] show a strong dependence of the
NOX emission rate on the soil temperature. On the other
hand, the principal anthropogenic NO. source in the United
States, combustion. is essentially independent of season [U.S.
EPA, 1982]. The combustion sours for the rest of the world
is probably slightly higher in the winter bemuse the need for
space heating is not offset by use of air conditioning as in the
United States. Most of the NO= emissions from biomass bur-
ningtake place in the tropics and mainly during the dry season
[Seiler and Cruc=en , 1980]. In the NH the dry season in the
tropics usually occurs in the winter. nerefore it can be con-
cluded that in the NH winter the anthropogenic sources by far
dominate the NO= emissions. We estimate that the ratio of the
anthropogenic emissions to natural emissions is about 10 to 1
in the NH in the winter.

Assuming that the only significant anthropogenic NO=
emissions in summer are from combustion sources and that
APar. = 10, the resultant 03 production S. from anthropoge-
nic sources would be (1.8 A 0.6) x 1014g for the three summer
months. Since essentially all emissions occur in the NH, this
corresponds to a NH average column 03 production S. of
(1.1 kO.3) y 101’ cm-z s-’.

These numbers can be compared with the recent results of
Fisllman et al. [1985]. [n that study a onedimensional PBL
model was used and predicted a value of S. that is about 20%
greater than our estimate. Considering the large unwrtaintics
in these two different approaches, the agreement is sur-
prisingly good.

In the summer the natural and anthropogenic NO= emis-
sions are about the same in the NH. However, as before, we
take the higher 03 production potential into account and by
assuming APfl?n= 32. S. is computed to be 3 x 1011 cm-z

s-‘. which is about 3 times greater than the value computed
for anthropogenic emissions. The additional natural 03 sour=
associated with the cross-tropopause flux in summer is small
compared to the photochemical production. -

Considering the NH as a whole. O, production in summer
is probably dominated by the photochemical production from
natural NO= sources. However, as stated in she pretiding sec-
tion, since the 03 lifetime in summer is relatively shorL long-
~ange transport of 03 wifi be limited. In this contexL it should
be notd that the time for doubiing 03 due to photochemid
production is an important characteristic time for comparison
with the long-range transport time. Table 2 shows that the
doubling time for 03 is shorter than a day when the NO= level
ii greater than 1 ppbv. As a rcsuiL the 03 distribution tends to
be controlled by regional sources, especially in the PBL. For.”
example, 03 distribution in the tropi~ and subtropics should
be dominated by the natural photochemical 03 sources and
sinks, while the anthropogenic source controls mid- and ‘high-
Iatitude ozone Ievefs:

Both model calculations and observations show a substrm-
tially lower daily 03 increase in the winter compared to the
summer. Tab!e 2 lists the model =Iculated 03 production rate
AP averaged over a day at various NO= jevels for winter
conditions compared to that of summer condhions. The 03
production rate AP is about a factor of 10 lower in the winter
compared to the summer (cf. Figure 3). The seasonal change of
AP is almost entirely due to the change in the odd hydrogen
radid concentrations, wh[ch is represented by the change in
the OH density. The density of H02 changes by about the
same ratio. If one considers only daytime chemistry, the
photochemicaf lifetime of NO= is inversely proportioned to the
OH density. In this case the product APT is essentially inde-
pendent of season. Figure 4 and Table 2 show that th~ is true
for almost rdl Ieveb of NOr Fiskn et al. [198a used a
different approach to estimate the 03 production in the east-
ern United States and arrived at a similar conclusion. The
large NOX Efetime in the winter predicted here implies that the
NO= distribution from a constant emission Source, such as
anthropogenic combustion. will lead to higher NOX con-
centrations in the winter compared to th~ summer. A two-
dimensiond simulation of the NOX distribution from combus-
tion emfisions [Crurzen and Gidef, 1983] estimated 2-20 times
higher NO= mixing ratio in most of the NH in January com-
pared to July, supporting this conclusion.

The above statement da not apply to NO= introdumd in
the upper troposphere because. HN03 is removed relatively
slowly from this regiom as discussed earlier. However, recent
model calculations by Kmting and Singh [1985] showed that
in the winter the formation of PAN may reduce NO: in the
upper troposphere by a factor of 10, thus reducing the 03
production there to an insignificant level. ~Is leaves the
stratospheric intrusion as the only significant natural Ox
source in the winter.

In the lower troposphere of the NH, the NO= in the winter .
is essentially all due to anthropogenic emission. It follows that,
the 03 production in the lower troposphere in the winter is
domina~ed by the anthropogenic source. Therefore the
average alumn 03 production in ‘the NH due to combustion
should range from 0.8 x 1011 to 1.5 x 1011 cm-z S-l, i.e~ the
same as in the summer. Biomass burning could contribute a
production rate as large as this if one assumes that half of the
global NO= emissions due to biomass burning occur in the
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NH winter season. Therefore the anthropogenic source of 03
could be 3+ times the natural source of 03 in the tinter NH.

The seasortaf invariability of the 03 production depends
critically on the seasonal variafion of the Jifetime of NOr So
far we have assumed that the lifetime of NO= is primarily
determined by the daytime chemistry. We think this is justified
under summer conditions because the nighttime sink and dry
deposition of NO= account for less than 50% of the NO= sink.
In the winter the nonphotochemicaf sinks, foimaticn of
HN03 at night (cf. equations (13) a[td (i4~ and dcp=titian sf
N02, could be substantial. If N03 at night is assumed to be
totally removed from the atmosphere in thewinter, FJO=
wouldhavealifetime.ofonlyabout2daysintheboundary
layerandthe03productionwoulddecreasebyafactorof
about3.Thefactorwould be doubled if N20~ instead of NO,
is totally removed because for each N20~ reaction two NO=
molecules are removed To remove N03-or N205 effectively,
the product of the N03 or N20~ reactions would need to be a
stable species that is readily removed from the atmosphere
such as HN03 or particulate nitrate. One mechanism that
may lead to this is the interaction of NZ03 or N03 with wet
aerosob in humid conditions. as suggested by Platt et al.
[1984]. At relative humidities 1= than 50% there has been no
observational evidence suggesting that th~ occurs in the at-
mosphere. finetic studies [Morris and Niki, 1974: Atkinson et
al.. 1984] showed that NO, reaction with aldehydm. probably
resulted in the production of HN03. However, the major re-
moval process for N03 or N20~ is probably not due to the
reaction with ddehydes [Noxo~ 1983; Pfatt et al., 1984]. Fur-
thermore, the production rate of aldehydes is dso strongJy
seasonably dependeng yielding slower removal of NO, in the
winter.

It is clear that nighttime chemistry of NO= may play a
major role in reducing the 03 production in the winter. How-
ever, our current knowledge on the N03 and N20~ is no”t
adequate for a quantitative assessment In this COnteXL it

should be noted that even in the case of total removal of N03
or N203, the anthropogenic source of 03 would sti~ be com-
parable to the stratospheric 03 fluz

The surface deposition of NO= may aJso significantly short-
en the NO= lifetime in the continental boundary layer in the
winter. There have been Kttle data on the deposition velocity
of NO= in winter conditions. However, Wesely et al. [1982]

reported a large surface resistance at night in the summer over
a soybean field that resulted in a ‘N02 deposition velocity as
low as 0.05 cm s-’. The large surface resistance observed
during the summer night was attributed by them to low bioge-
nic activity at night which will =rtainly be true during winter.
This suggests slow surface deposition for N02 under winter
conditions. Preliminary results from field measurements of the
NO= deposition velocity in winter mrtditions indicate its value
to be significantly less than 0.2 cm s- i (D. H. Stedmam pr-
ivate communication, 1986). The deposition velocity of NO
and N02 over water surfa~s is negligibly small because of
their low volubility [he and Schwartz, 198 1]. Assuming an
average NO= deposition velocity of 0.1 cm s-1 and a 5Wm
PBL height in the winter, the lifetime due to surface deposi-
tion would be about 6 days. Since some NO= will be trans-

“ ported above the PBL, the lifetime should be longer. There-
fore surface deposition probably will not affect the NO= life-
time appreciably. This is substantiated by the calculation of
Crutzen and Gidef [1983] that assumed constant seasonal dep-

osition velocity and still predicted much higher NO= in the
winter than the summer.

Reduction of the winter 0, production may tiso come from
removal of secondary products of NMHC reactions, such as
organic nitrates, aldehydes, and organic acids, The long No,
lifetime and increased stability of the secondary products
allow more time for their removal by processes such as hetero.
geneous scavenging or surface deposition.

In the above discussion. ~vehave also neglected the effect of
:hs +.retie !I:ic!er \uhich rtn~ attracted extensive attention
[Rahn and McCafrey, 1979: Heintzenberg et U/q 1981: Barrlc
et afq 1981]. In the 4rctic winter night NOm hydrocarbon,
and other pollutants may accumulate and give rise to en-
hanced photochemid production of O, and other pollutnnb
in the spring [Isaksen et al. 1985: Barrie and Ho& 1985], In
fac~ the Arctic effect cart be considered to be an extreme case
of the winter effect shown in Table 2 by extending the lifetime
of NOX and O, production over winter into sprin& .The net
effect is that the Arctic plume wiff delay part of the winter 03
production until the spring Without a rdistic model we w
not amurately estimate the reduction of the winter 03 pro-
duction due to the Arctic plume.

It is clear that our evaluation of the winter anthropogenic
03 source leads to an overestimate. The uncertainties dk-
cussed above do not allow us to quantify the overcstimatiom
However, the anthropogenic source is so much greater than
the naturrd source that the former would need to be rcrfumd
by a factor of more than 10 to alter our conclusions.

Lm~ OFozo~

The seasonal variation of the photochemical lifetime of 03
at 40°N is given in Table Z The calculations in Table 2 are for
sea level under clear sky conditions. The cloud cover should
incre&e 03 lifetime in the boundary layer by about 30°/0. In
addhion, above the boundary layer the 03 lifetime is substan~
tially longer than the values in Table 2 because of lower HaO
mixing ratios. Our- calculations show that at 500 mbar the 03
lifetimes are about 5070 larger than those shown in Table.2 In
estimating the 03 lifetimes the expression for 03 and other
odd oxygen species are grouped following the designation of
buy et al. [1985]. In this approach the lifetime of 03 is equal
to the sum of the concentrations of all odd oxygen species (OX)
divided by the photochemical loss of odd oxygen. This ex-
pression provides a good representation of the net 03 photo-
c~emid production and destruction. For example, N02 is
considered to be one of the odd oxygen species because to u
large extent. the photolysis of N02 balances the reaction of 03
with NO and does not result in either production or loss of
03. Reactions such as H02 and R02 with NO are counted m
production te~s for 03.

The fifetime of 03 is about ‘a factor of 10 longer in the
winter than in the summer. The long lifetime of 0, in the
winter implies that 03 will be transported over long distances.
Once anthropogenically produced 03 is transported to the
relatively clean troposphere, the photochemical lifetime at
mid-latitudes in the winter will be greater than 200 days, This
is certainly longer than the characteristic time of zonal trans.
port which is of the order of 30 days [Oort, 1983] and prob-
ably longer than the time of transport between mid.latitudes
and lower latitudes in the NH. ne latter transport time is

dificult to estimate but is probably less than 3 months,
The photochemical lifetime of O, in the winter in mid-
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latitudes is so long that the 03 lifetime is probably governed
by surface deposition processes. As discussed earlier, we adopt
a diurnally averaged surface deposition velocity of.O.l cms- 1
for continental arem in the winter. The surfam resistance of
freshwater and oceans has been found to be quite large, in the.
range of 1G1OO s cm-‘ [Aldaz, 1969; Gafbally and Roy, 1980;

Gurland et al., 1980: Wesely et al., 1981: htsschow et al., 1982;

Co/beck and Harrison, 1985]. An estimate by Wesely [1983] of
the surface resistance for the ocean gives 20 s cm-1 under
various stability classifications. Taking this estimatq an
averaged 03 deposition velotity over oceanic area =rt be d-
culated to be 0.05 ems -‘ or less..

The large variability and uncertainty in the surface deposi-
tion velocity in the winter make it dfllcult to estimate the 03
lifetime due to surfam loss. If a deposition veloeity of 0.1 em
S-’ for the land and 0.05 a s-1 for the - is assum~ a
lifetime for the whole column 03 inthemid-latitudeof about
150 days is derived. For 03 in the confinentd boundary layer,
assuming a typical PBL height of 500 m in the winter, the
lifetime due to surface deposition is only about 6 days. As
discussed above, the question eatt,be raised as how much 03
or its precursors ean be transported out of the boundary layer
before they are lost to the surface. The verti=l exchange ve-

.Ioeity between the PBL and the fr= troposphere in the winter
is probably greater than 0.1 ems-1, the 03 deposition veloei-
ty. [f this is the case, then at least 5070 of the O, would be
transported out of the PBL and henee would be susceptible to
long range transport.

Transport of mid-latitude 03 to the tropi~ may be an im-
portant sink. However, we note that the photmhernid 03
lifetime at 500 mbar at 20° latitude in the winter is as long as
35 days. Therefore mid-latitude 03 has to be transported to
the boundary layer in the tropics to be eff~vely deatroyd
The transport process itse~ may take substantial tim~ A
model with realistic transport is needed to study this problem

IMPLICAmONS FOR OZONSDmIBWON

The combination of long 03 lifetime and the predominance
of 03 production from anthropogenic sour- in the winter
may have several important impfimtions for the 03 dBtri-

bution in the NH in the winter. First antkopogenic 03 may
be transported over most of the NH. Seeon@ the winter 03
may be mostly of anthropogenic origiw espeei~y in the lower
troposphere of mid- and high latitudes. Furthermore, the Iong
03 lifetime allows anthropogenicrdly produced 03 to amumu-
Iate continuously during the winter and to contribute substan-
tially to the observed spring maximum over many remote
stations, even as far as Mauna Lo% Hawaii LOltnratrs, 1981:
hgan, 1985]. Negfect of the Arctic night effect may lead to an
overestimate of the winter anthropogenic O, production but
will have little effect on the spring maximum beeause it is
compensated by the increased production in the spring

The spring 03 peak has always been considered to be due
to the stratospheric 03 intrusions [e.g. Junge, 1963; Ftiian
and Pruchniewicz, 1977; hgan, 198fl. There are several pieees
of evidenee supporting this theory [see Liu et al., 1980]. The
spring O, maximum correlates with tracers from the strato-
sphere such as 9oSr and ‘Be. The maximum in mid-latitudes

appears first in the upper troposphere and propagates to the
lower troposphere [Chatfield and Harrison, 197~, and a three-
dimensional general circulation model (GCM) that included
only stratospheric 03 intrusion and $urfaw deposition suc-

cessfully simulated the spring maximum in the remote are=
[Leuy et al.. 1985]. The model did not include tropospheric
photochemistry. The spring 03 maximum calculated in the
model was the result of maximum stratospheric 03 flux pre-
dicted by the model. The long 03 photochemical lifetime in
winter calculated here implies that the relative value of the
spring maximum calculated by the GCM would have been
substantially greater if the photochemieaf sink of 03 was in-
cluded in the model. In fact, even with constant stratospheric
03 flux: a spring 05 maximttm would k es~ted tiuse of
the long 03 lifetime in winter.

By proposing that the anthropogenic 03 production in the
winter contributes substantially to the spring maximw we
do not dispute that the stratospheric intrusion *O antrib
utea. in facL the stratospheric intrusion probably dominatm in
the upper troposphere. Transport proeesscs like this play an
important role in the spatird and temparal distribution of tro.

pospheric 03, espeeidly in the winter season when the Oa
lifetime is long The simple 03 bud&et analysis performed
above should be regarded as a quflhative assessment R~k-
tic modefs are needed to eyaluate the relative importanm of
various 03 sources.

Our proposal for the 03 spring maximum is consistent with’
the reecnt results by Penkett and Brice [1986]. They used

PAN as a tracer of photochemieaf activity in the troposphere.
Based on the observed correlation betw&rt PAN and 03 and

the springtime PAN maximum in bac}:ground air, they sug-
gested that tropospheric photmhemistry may mntribute to
the spring maximum in the tropospheric 03 eonentratiom

The proposed dominance of the artthropogenic 03 source in
the tinter and its contribution to the spring 03 maximum
provides an interpretation for the long-te~ variability of 03
that hmbeert observed in po~uted as well as remote ar~ We
expeet that the anthropogenic impact on 03 WI spread over
most of the NH in the winter. In eontrasL in the summer the
impati will probably be confined to the mid-latitudes ~d may
even be mnfined regionrdly in the continental boundary layer
-use of the shortened 03 lifetime due to surface deposition

Reeently, Oltnrans and Komhyr [1986] repofid 03 .
measurements from 1973 to 1984 at four NOAA Geophysical
Monitoring for ~lmatic Change (GMCO baaefine observa-
tories. They show an increase in 03 over this peri~ at Mauna
Lo& Hawaii (20°N. 155=W, 680 mbar). me tinear growth
rates in pereent per year are 1.97 (A 1.04), 1.85 (~ 1.26), 0.52
(~ 1.42), and 1.07 (A 1.19) for winter. sprin~ summer, and fafl
seasons, respectively. The nrrrnbers in the parenth=es are 950/0
confidence Ievek of the average vahres. Only winter and spring
seasons have statisti~lly significant growth rates. Bxuse of
redumd photochemistry in these seasons the 03 trend was
interpreted by Oltnrans and Ko~hyr [198~ to be due to a
change in transport induced by El Nino events. Alternatively,
the present results indicate that this trend could be due to
increasing 03 production from anthropogenic emissions of
NO= and NMHC in the winter and spring. me 2% ~r year
increase is consistent with the O, increase observed in the
winter at 700 and 500 mbar over Hohenpeissenberg Ger-
many, one of the most consistently operated ozonesonde sta-
tions, in about the same period [bgan, 198~. Other ozone-
sonde stations in the NH analyzed by tigan {198% also show
positive trends at 700 and 500 mbar. However, the values are
significantly lower, and some of them are not statistically sig-
nificant. We interpret these positive 03 trends as the result of
the increase in NO= and NMHC emissions in the NH. Unfor-
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tunately, sufieiently reliable and accurate emission trends for
the NH are not available.

The long-term trend at Mauna Loa and the winter trend at
Hohenpeissenberg ean be considered as piem of evidenm
supporting our proposal. However. the observed 03 trend at
the other GMCC observatory in the NH (i.e., Point Barrow,
Alaska) does not. The trend at this site is signifi~nt in the
summer and fafl seasons but not in the winter and spring
se~ons. The summer and fafl grow:h rate is about the s2me as
‘I L . .- he c ,.Xrh rhP nntior t~?! !h?~ ollcrl-@&-r. ti.rg ar.d is ccr.v~:e.l. .. .... ... . -- . . .
site is under the influence of the mid-latitude pollution. The
lack of :rend in the winter and spring is ~ot consistent with
our proposal. Another Arctic statiom Resolute (75°M, *O
shows no trend at 700 and 500 mbar in the winter rhgw
198q. A possible explanation is the destruction of 03 due to
anthropogenic emtilons of NO, NMHC, and other reducing

,pollutants in the polar nighL
It would be very vahrable . for testing our proposaf if

measurements of 03 could be made at severaf remote sites like
Mauna Loa in the NH, preferably with altitude pro~es. In-
terannud correlation of 03 between polluted and remote sites
at various seasons should show clear diffelenccs between
summer and winter. We expect good correlation above the
boundary layer in the winter and much smaller correlation in
the summer, especially in the boundary layer. It would be dso
useful if existing ozoncsonde data for each season could be
evahtatcd for interannuaf correlations.

s ~Y Am CONCLUSIONS

From the above dmcussion it is clear that the tropospheric
03 budget and distribution is an extremely complex problem
that involves photwhemicaf and transport proecsses of
various temporal and spatiaf sdcs. It wiII take arssiderable
efforts in laboratory and field measurements and modeting to
understand dl the essential aspects of the problem. As men;
tioned in the introduction, there have been important ad-
vances in our understanding of the problem yet these have
almost always been. followed by new contradictions and
controversies. This study will not be an exmptiom However,
we believe that we have gained some important insights into
the budget and d~tribution of the tropospheric 03 by ana-
Iyzing the observed 03 and NOX relationship at Niwot Ridge.
The highlights are summarized below.

Within a factor of ~ the observed daily ozone’ increase in
the summer can be modeled by photochemieaf production and
destruction PIUSsurface loss. Both model calculations and ob
servations show that the daily 03 increase per unit of NO= is
greater for lower NOr The model dmlations without
NMHC substantially underestimate the 03 inmease at NO=
higher than about 1.5 ppbv and show the opposite dependenw
on NOY The model dculations with NMHC are reasonably
consistent with the observed dat% thus supporting the impor-
tanw of NMHC chemistry in 03 production.

The summer daily 03 incre~es at various NOX levels at
Niwot Ridge have been compared to those from eight other
rural stations with concurrent 03 and NOX measurements in
the central and eastern United States CResearch Triangle [n-
stitute, 1975: Kelly et al., 198%]. With only one exwptio% the
daily 03 increases for these stations agree very well with the
03 and NO= relationship observed at Niwot Ridge, a remark-
able agreement considering the wide range of geographi~
locations. The consistency of the summer daily 03 increases

suggests that the average daily 03 production at a rural sta.
tion may be predicted if the NO= concentration is known. The
dependence of the 03 production rate on NOX also allows us

to formulate an approximate method to estimate the 03 pro.
duction from NOX and NMHC emissions. The method uses
the concept that the 03 production is proportional to the
NOX emission rate and its lifetime.

The method outlined here provides ~ew insight into some of
the important prob!ems cf the tropospheric 03 budget strrd
dist~buti~p- I! is SEO\VR thqt m.oct qf the 03 due tn human

activities is probably produccrffrom the interaction of anthro-
pogenic NO= with NMHC. The contribution from CO nnd
CH4 is minor, cs~ially in summer. In addition, photochemist-
ry and transport of NMHC and their products such aa PAN
play such a eriticrd role in the interaction of CO and CH4
with anthropogcnic NO= that previous evaluations of 0, pro-
duction from this interaction n~ to be rccvrduatcd.

For the United States we estimate an average summer
column 03 pr~uction rate due to anthropogenic NO= asld
NMHC emissions of about 1 x 10*2 em-z s-’, about 20
times the average cross-tropopause 03 flux. Rtirnatm of 03
production from naturaf NO. sourecs range from 1.9 x 1011
to 12 x 1011 cm-z, s-’. Therefore human activities probably
contribute 5&80V0 of the 03 in the central and emtern
United States in the summer. The environmental effeeta due to
the increased 03 on crops and forest may be substrmtid
[Heck et al. 1982; Adaw et alv 1985: Refch and Amundsob
19g~. A sirhilar situation is expected to exist in Europe.

Averaged over the NH, the rmthropogenic 03 production in
the summer is about 1 x 10il em-z s-*. The production of
03 from natural NO= emissions is greater, roughly 3 x 10*1
cm-2 s“’ in the summer. Both are greater than the erow-

tropopausc 03 flw B-use the 03 lifetime is relatively ohort
in the summer, es-y in the PB~ the 03 distribution is
probablXeontroffed by regional sourecs.

#

The tinter My 03 production rate is of the order of 10Y.
of the summer vahte at the same NO= level. However, bceause *
the NO= lifetime is about 10 times longer when only daytime
chemistry is considered, the 03 production rate integrated
over the ~ietime of NO= in the winter is comparable to the
summer vahte. Since the natural NOX sourm are insignificant
compared to the anthropogenic sour= in the winter, the 03
budget in the NH should be dominated by the latter. In this
connection it should be noted that the long lifetime of PAN
and NOX in the winter may allow a significant export of an-
thropogenic NO= to remote regions. The dilution of this NOX
coupled with the nordinear depcnden~ of production on NOX
may signifimntiy increase the ozone production e~ciency
from anthropogenic NO= emissions during the winter season,

The photoehernicaf lifetime of 03 in mid-latitudes in the
winter is of the order of 200 days. We propose that accumula-
tion of anthropogeni~lly produmd 03 may contribute sub-
stantially to the observed spring 03 maximum in the lower
troposphere of the NH, a phenomenon that has often been
considered to be due to enhanwd stratosphere-troposphere
exchange. In addition, the long lifetime will allow transport ~f
03 not only zondly but also to other latitudes. It is proposed
that the observed long-term 03 trend in winter and spring
seasons at Mauna Lo~ Hawaii, a clean site, and at Hohen-
pissenberg, Germany, a moderately polluted site, may be due
to increases in the same anthropogenic source.

The major uncertainties in the winter 03 budget and distri-



Ltu m AL: TROPOSPSISSUCOZONSPRODUmON 4205

bution is associated with the estimates of lifetimes for NO=
and 03. These involve ‘the nighttime NO, and N20~ removal
mechanism, surface deposition of NOX and 03, and removal
of seeondary NMHC products such as PAN and aldehydes.
The photochemistry of NO,, N20~ and the organic nitrates is
not well understood. Laboratory studies of the photochemis-
try of these speeies and reactions of NMHC and NO= in
general are needed. Since transport promsscs play an impor-
tant role in the 03 prod~ction e~ticncy afid the fate of
crg2rJc nitrates, m.ode!s wi:h realistic transport pararne-
terimtion will be needed to address the complexities of cou-
pled chemistry and dynasni~, Finrdly, measurements of 03
and its precursors, especially m the remote troposphere, will
be most valuable to improve our knowledge of the 03 budget
and distribution.
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LETTER “H”RESPONSES

H-1 Materialprovidedintheadju~cativehearingarebeingconsideredbyEFSECaspart
oftheadjudicativehearingprocessnottheSEPA process.Forclarificationch~ges
have been made to the text on page 6-6, Section 6.5. Please refer to Chapter 2

(Corrections and Modifications to the DEB) of this document.

H-2 See General Response #1.

H-3 Use of the Regional Oxidant Model (ROM) is unwarranted and inappropriate for
assessing potential ozone impacts of the NRPF. Applications of ROM have been
limited to the eastern coast of the U.S., primtiy because the model performs poorly
in areas of complex terrain. The usual application of this model has been to assess
the effect of ozone transport from one metropolitan area to another, and the effect
of this transport on attaining ambient air qutity stand=ds. ROM uses a large
(approximately 20 b) grid spacing that wodd be totiy inappropriate for this
application and wodd reqtie extensive inventory-btitig efforts that wodd be
extremely costly. Screening assessments of ozone impact ~ed as testiony during
the EFSEC process have indicated that the potenti impacts of the NRPF on ozone
formation wotid be extremely smd, unmeasurable with existing equipment, and
occur at a distance of several hundred ~ometers.

The comment suggests that an estimate of economic damage due to ozone formation
shodd be factored into the BACT determination for NOX. It is unclear as to how
this wotid be factored into the selection of BACT. h addition, it shotid be noted
that any economic analysis of reduced crop yields at several hundred Wometers
from the project site shodd *O address the phenomenon of “ozone scavenging” in
the vicinity of the project site. Ozone scavenging is the reaction of emitted NO with
ozone to form titrogen diofide @02). pres~ably, We 10SSOfOZOne10C~Y CO~d
provide a benefit to crop yields. h addition, it shodd be noted that the NRPF is
projected to repkce generatig capacity at fatities in the western U.S. with higher
emissions of NOX per unit of electrical energy.

The appficant has not assumed a useti Me of 10 years for the SCR system, as stated
by the comment. The use of a 10 year capiti recovery period is a ve~ common
assumption in estimation of ann~ed costs of control and cost effectiveness for
BACT dete~ations. This capiti recovery period is related to project financing
rather than to the Metime of physical structures and equipment. The capital
recovery period of 10 years is *O apptied to cost elements such as construction and
engineering. It appears that the app~cant may have overestimated the costs of
ammonia vaporization, by assigning a cost of $0.05/Kwh to the equivalent electrical
energy ● required. However, this cost element is a rather smd portion of the
annuakedcostsofcontrol,partitilywhen consideringtheovertiuncerttities
intheanalysis.ThisisUustratedbythefactthattwovendorestimatesofthetoti
instaUedequipmentcostsdiffered by n=ly 50 percent. ~ addition, the final
determination of BACT does not rely stictly on economic issues, but dso on energy
and environmental factors. hy environment benefits of the reduction of NOX
emissions must be weighed against the environment hazards of ammonia
emissions as we~ as the potential for acadenti release during the storage and
han~g of ammonia.



H-4 me impacts of the NRPF rektive to global carbon dioxide (COZ)have been greatly
overstated in the DEB, which addresses gross rather than net emissions. An
extremely detied analysis of the fiture net COZ emissions associated with
generation of electriaty in the Western United States indicates that operation of the
NRPF is expected to resdt in an overd decrease in emissions c’Northwest Regional
Power Fatity Dispatch and COZEmission Analysis”. Henwood Energy Services,
Inc., Sacramento, CA, September 28, 1995). ~ report concludes that the NRPF wi~
dispkce 7100 GWh of generation in the Western System Coordinating Councfl
WSCC) region, restiting in a toti net C02 emission reduction of 2.8 tition tons in
1999. me statement of nonsignificance in the DEB is warranted and is supported
by the consideration of the net COZemissions. ~s is necesstiy specdative, one
cannot accurately model a system ten years from now when the NRPF might be
btit.

H-5 Comment noted. S~-up operations wodd be conducted during the day.

H-6 Please refer to Section 3.2.4.3, Mitigation Measures, NRPF Site, where it states “Pine
tree phtings wodd act as an effective parti screen (emphasis added) for the
project; native stands average about 60 to 75 feet(18to23m) t~,comparedtothe
125-footW exhauststacksand 85-foothighaircooledcondensers.Paintingthe
stacksand btidingswotid dso helpthefatityblendwiththesurrounding
landscape,partitilyasviewedformadistance.Light-coloredearthtonesbeige,
tan)and earthygreenswotidblendweflwiththeexistingvegetation.me facflity
stackscotidbepaintedfightblueorgraytoblendwiththesky,oradarkergrayto
blendwithbackgroundmountainswhereappropriate.Deciduousand evergreen
treesphted aroundthefafitywodd dsoresembletheregionalaestheticofrural
farmresidencesandtheirassociatedhge trees.me heightofthestacksprecludethe
useofbermsasa screeningmethodnearthefafity~’.

H-7 Comment noted. me VKCREEN analysis is conservative and not ~ely to minitie
predicted impacts. me resdts are presented in terms of the percent of hours per
year when visual imptient codd occur. ~ does not mintie the significance
of the impact. me comment suggests that potenti~y significant impacts occur a
large percent of the time in which the meteorological conditions producing
significant impacts are ~ely to occur. ~ is a se~-evident conclusion and it is not
clear how this statement wotid improve the analysis or the communication of
impacts.

H-8 See General Response #1.

H-9 See General Response #1.

H-10 me background annti NOX concentration of 11 ug/m3 is based on actual
measurements at the site during the years 1980 to 1981. h concentration is 11YO

3. Itis*O an eminently reasonable estimateof the ambient standard of 100 ug/m
of the background for the rural characteristics of the site. It was estimated in 1987
that rural NOX concentrations in the eastern U.S. are 6.6 ppb (12.5 ug/m3) according
to the reference supp~ed as Appendix 3 to the comments (Liu, et al., 1987). Given
the higher popdation density in the eastern U.S. and the reduction in vehicle
emission rates of NOX since 1987, the assumed background of 11 ug/m3 at Creston
is consistent with this pubkhed value. Use of a different NOX background estimate
based on Wferent instrumentation wodd not change the conclusions of the DEIS.



H-II Comment noted. Please refer to Swtion 1.2.3, Appfican~s Deterfiation of ~ose
and Need, for a more detied desdption of the need for adtitiond electitity h the
Patic Northwest Re@on.

Append& 1 See General Response #1.

Appenti 2 See General Response #1.


